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A Study of Nursery Growth Habits 
of Some American Varieties of Apples 
Budded an East Mailing Rootstocks 
INTRODUCTION 
Little work has been done an the use of clonal rootstocks 
for American varieties of apples* In England, however, their 
use in the nursery trade is well established. English investi¬ 
gators have shown the types of trees to be expected when 
English apple varieties were worked on Mailing clonal rootstocks. 
This knowledge is useful to the fruit grower who may plan 
accordingly. 
During the decade of nineteen-twenty many English clonal 
rootstocks began to appear in America. They offer some 
possibilities of advantage to the American fruit grower and 
these will be summarized briefly. 
1.- Control of tree size. 
Several of these clonal rootstocks produce dwarf trees 
and same produce large trees • If a grower wants small trees, 
by using one of these dwarfing rootstocks, he may get the desired 
result. Since the trend of farming in this country is from the 
extensive to intensive, many American fruit growers are looking 
for smaller trees. 
■» 2 •* 
2#- Production of good rootstocks for propagation* 
Some of these rootstocks bud especially well and only a 
few have to be grafted# This is a point of interest to the 
nurseryman • 
3#* Resistance to insects and diseases# 
Northern Spy has been used in many parts of the world as 
a rootstock which is resistant to wooly aphis • In sections of 
our own country as in the South, we have root rots which injure 
orchard trees* Some of these clonal rootstocks have been found 
resistant to some insects and diseases and they may help us with 
our problems along this lino# 
4#- Soil adaptability# 
Orchard sites in this country have been found to have widely 
varying soil types# Some soils are deep and others are shallow* 
some of these rootstocks have shallow and some deep root systems, 
they may be some help in cases of deep or shallow soils • 
5#- Earlier and heavier bearing# 
Some fruit growers think that they should cut out their old 
large trees and replace them with younger and smaller ones 
perhaps of different varieties. These clonal rootstocks offer 
possibilities along this line as some have brought trees into 
early bearing, producing heavy crops of fruit# These smaller 
trees also cut down operation costs. 
6#- Uniformity. 
Our orchardists are looking for uniform orchard trees • 
Trees on these rootstocks have exhibited greater uniformity 
in same cases than trees on seedling rootstocks* 
7 — Known origin • 
Those rootstocks are of a known origin and when a grower 
used them he may know what type of tree to expect • 
8.- Better control over cultural practices* 
A grower using these rootstocks may know what to expect 
in root systems and may adapt cultural methods accordingly, 
being able for instance to cultivate deeper and closer with 
deeper rooted trees* 
9*- Small trees for gardens* 
There is some interest in this country in small trees which 
may be planted in the back yard or garden. The dwarfing clonal 
rootstock seems to meet the situation well, producing a small tree 
which bears heavy crops in early years. These dw&rfing root¬ 
stocks show some promise for ornamentals as the tree is kept 
small over many years instead of growing large* 
All of these possibilities have been realized with English 
varieties* If these things were known with American varieties, 
our fruit industry would be helped* It is because of our lack of 
knowledge with American varieties on these Mailing clonal root¬ 
stocks that this study was taken up* We should know more concerning 
the response of our varieties to these rootstocks so that we may 
make use of them intelligently. 
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The disadvantages of these rootstocks are two: first, 
some of these trees may have to be supported by staking; and 
second, the labor involved in propagation makes the production 
costs higher# But if the grower expects to get better material, 
he must expect to pay for it# Whether these possible advantages 
outweigh the disadvantages for the Amerigan growers use, is a 
question# We must first find out how American varieties react 
to clonal rootstocks in order to make progress in answering this 
question• 
Although work has been reported on some of these clonal 
rootstocks topworfced with certain American varieties, few have 
been reported from the nursery angle. This paper will take up 
work done at this Statical where twelve common American apple 
varieties were budded on eleven hast Mailing Clonal rootstock 
varieties • The nursery behavior of these trees was studied and 
recorded# These data will be analysed as a basis for comparison 
with the subsequent performance of these trees in the orchard. 
This work will form a basis for future investigation as those 
nursery trees have been set out in several commercial orchards 
located in different sections of the state# 
REVIEW OF LITERATURE 
The greater part of the research with East Mailing root¬ 
stocks has been carried out in England at tho xiast Lalling 
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Experiment Station* Research work with these rootstocks in 
.America has been carried on to some extent at Massachusetts, 
Pennsylvania, Ontario, Row York, and other experiment stations • 
In making a study of these rootstocks, it becomes necessary to 
have scone knowledge of their origin, characteristics, influence 
on growth of English varieties, influence an the fruit production 
of English varieties, intake of minerals, resistance to insects 
and diseases, the influence of these rootstocks on American 
varieties, rootstocks in the nursery, and the influence of the 
graft uni cm. 
The literature pertaining to the above factors will be 
briefly summarized. 
Origin of East Mailing Rootstocks 
Bunyard (10) has given the history of Paradise rootstocks 
from the botanical and horticultural point of view. Theophrastus 
and tho Roman agriculturists knew of the dwarfing self-rooting 
apple • In tho latter part of the 15th century, the name Paradise 
was first applied to the apple j the name Doucin coming into use 
in 1519. Dale champs in 1507 was the first to describe French 
Paradise. In Franco, the English Paradise (Type 2) was known 
in the time of Quintinye • The French Paradise came to England 
about 16*96 and became quite widespread by 1747. Bustard (11) 
tells of the discovery of Type IX rootstock. Bieudonne in 
Metz, France came across this rootstock as a chance seedling in 
a vineyard at Montigny in 1828 and later it was introduced by 
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'the famous nurserymen Simon and Louis Freres . 
Hatton (20) tells of the research work begun in England an 
these rootstocks* In November 1912, R* Wellington, Director of 
the East Mailing Experiment Station, took up the isolation of the 
Paradise types of rootstocks • When the war broke out in 1914, 
Wellington joined the array and the work was given over to R* G. 
Hatton • The work started with the collecting of rootstocks, and 
the majority of nurserymen in England were asked to send in samples 
of rootstocks. The nurserymen of Holland, France, and Germany 
were also invited to contribute. Some seventy-one collections 
were received from thirty-five sources, and these were planted out 
for testing for trueness of name and standardisation purposes. 
These rootstocks were given a type number for means of convenience 
and identification, with no significance placed <m the number as 
indicating the type of growth me.de by the plant and root system • 
From this beginning the East Mailing rootstocks have become known 
as they are today. 
Characteristics of East Mailing Rootstocks. 
/ 
Hatton (20), (21), (23), (24) studied these rootstocks and 
classified them into four groups. These groups including rep¬ 
resentative types are1 
1. - Very dwarfing, typo VIII and IX 
2. - Semi-dwarfing, Type II and V 
3. - Vigorous, type I and VI 
4*- Very vigorous, type X, XII, XIII, and XVI 
7 
Hatton, Grubb, and Amos (33) reported type II as having the 
largest amount of fibrous roots and type VI the least* 
Hatton (22) has mentioned those rootstocks that would probably 
come to some prominence, and these were types I, IV, V, VI, X, XIII, 
and XVI* Prom the economic point of view, Hatton (30) said that 
types I, II, IX, XII, and XIII were the most satisfactory for 
nurserymen*s use* A more complete description of the rootstocks 
used in this experiment will be given in the discussion of 
materials and methods* 
Influence of East Mailing Rootstocks 
on English Varieties 
Hatton (25) reports an experiment where growth records were 
kept on Early Victoria and Lane’s Prince Albert worked on the 
types of four different groups: (a) very dwarfing, •type IXj 
(b) semi-dwarfing, type II; (c) vigorous, type I; and (d) 
very vigorous, types XII and XVI. The largest growth was made 
by the very vigorous group* Growth then dropped off successively 
down to the dwarfing group which gave the least growth increase* 
Frampton (15) discussed the influence of these rootstocks on 
Lane’s Prince Albert using types IX, II, I, and XVI, representing 
the four groups* These trees were planted in different soil types, 
but the nature of the root systems remained in the same relation 
to each other as that of the original grouping. This variety 
showed rootstock effects, being dwarfed on group I, semi-dwarfed 
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an group II, 'vigorous on group III, and very vigorous on group 
IV. Hatton (31) mentioned other varieties a3 Worcester Pearmain 
and Cox’s Orange -which -were influenced in the same my. 
Amos, Hatton, and Hoblyn (2) have shown the effect of scion 
on the rootstock. Several English varieties were worked on 
rootstocks representing the various groups. It was found that 
the well known differences exhibited by unvorked rootstocks were 
still unmistakably present in the worked trees. The scion variety 
showed little influence on the rootstock. Hatton (20) explained 
the rootstock influence more clearly in this paper and then went 
on to show that the roots of rootstocks affected the scions more 
than the stem piece as supposed by some investigators. Swarbrick 
and Haik (64) have shown that the dwarfing rootstocks produced 
shoots with shorter interned© lengths. 
Rogers and Vyvyan (58) worked vdth ten-year old trees of 
Lane*s Prince Albert on types I and IX. They found that none 
of the trees had a tap root and the root systems were composed 
of a scaffolding of roots which ran horizontally near the surface. 
Typ© I proved to be a very spreading and shallow grower where 
type IX sent its root deeper into the soil. Type I had the most 
fiber containing 14 percent and type IX 13.3 percent. Rogers and 
Vyvyan (59) again worked with Lane’s Prince Albert on the different 
types of rootstocks on different soil types. The more vigorous 
types seemed to develop a shallower root system than the dwarfing 
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types. Beakbane and de Wet (7) worked with the fifteen year old 
Bramley's Seedling on types I, II, and IX. The results bear out 
the relationships previously mentioned. Another interesting point 
observed was that type II permitted much scion rooting when trees 
were planted too deep. 
Influence on the Fruit Production 
of English Varieties 
Hatton (32) grew several English varieties on their own roots 
and on rootstocks type II (semi-dwarfing) and type XV (very vigorous). 
Those grown on their own roots produced less than those on the 
vegetatively propagated rootstocks. Tydeman (69) made preliminary 
trials with dwarfing and vigorous rootstocks in order to find some 
way of shortening the "juvenile period” of the young tree • The 
dwarfing rootstock types VIII and IX brought the trees into 
blossom earlier than the more vigorous types, X and XIII, which 
seemed to delay blossoming for some years. Hatton (28) found that 
the percentage of flowers which set and formed fruits varied with 
the different rootstocks. 
Hatton (31) found that dwarfing rootstooks brought the trees 
into early and heavy bearing. The apples were very large when 
the trees first began to bear, but the size decreased as the trees 
grew older. With the vigorous rootstocks, the fruit producing 
period was delayed, but when these trees started to bear, they 
far surpassed the dwarfed trees in quantity. 
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In size and color of fruit, Warne and Wallace (74) while 
making chemical analyses noticed that type IX had fruits that 
were notably larger in size, sweet, and higher in color than 
those coming from the more vigorous types • These investigators 
also mentioned that the fruits from these dwarfing rootstocks 
decreased in size and quality as the trees grew older* Frarapton (15) 
determined the dwarfing types which produced earlier and better 
colored fruit* The more vigorous groups were again spoken of as 
delaying the fruit producing period. Rogers (57) worked with Lane’s 
' 
Prince Albert, Bramley’s Seedling, and Worcester Pearmain worked 
on types IX, II, and I. Type IX produced the fruit of the largest 
size with the most color. The size and color of fruit decreased 
as the groups of rootstocks became more vigorous* 
In showing rootstock influence on English varieties Southwick (62) 
in his summary pointed out that Lane’s Prince Albert had been used 
the most for experimental work* Other commercial varieties tested 
were Sterling Castle, Grenadier, Cox’s Orange Pippin, Lord Derby, 
Allington Pippin, Anne Elizabeth, Newton Wonder, Blenheim Orange, 
Worcester Pearmain, and Bramley’s Seedling* The results obtained 
were the same as those with Lane’s Prince Albert, showing that 
data concerning this variety could be applied to the others. 
Minerals Taken in by Rootstocks* 
Hoblyn and Bane (41) grew Bramley’s Seedling and Worcester 
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Peannain on several types of East Mailing rootstocks with 
different manurial treatments. These twelve year old trees 
were dressed with sulfate of ammonia and sulfate of potash. 
The treatment with sulfate of potash seemed to encourage shoot 
growth and made the fruit of better quality. Hltrogen in itself 
seemed to be detrimental. Heavy applications of nitrogen lowered 
the quality of the apples. Amos, Hatton, and Hoblyn (5) carried 
on an experiment with fertilized and unfertilized plots. 
Bromley* s Seedling suffered from the starved condition more than 
did Worcester Permain. The trees on the semi-dwarfing group of 
rootstocks showed injury earlier than did those on the more vigorous 
rootstocks. However, rootstocks giving poor results under starved 
conditions also continued to give poor results under balanced 
manuring®• 
Warns and Wallace (74) carried on chemical investigations 
with the different types of rootstocks. Types II and IX shewed 
lew values for potash absorption. In tree tissue, dwarf type VII 
nitrogen was high and phosphorus was low. The trees of type V 
which produced poor quality fruit were high in phosphorus and lew in 
nitrogen. Type Xu and other vigorous rootstocks showed high values 
for nitrogen and potash. The chemical elements in fruits followed 
the same trend as the elements in the rootstocks from which they cam© * 
Chandler (12) pointed out that dwarfing stocks may cut down the 
amount of water and nutrients sent up to the top. This would tend to 
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produce early maturity and higher colored fruits. Dwarfing 
rootstocks m&y have a smaller number of elements but they some¬ 
times have a larger number* Roach (52) working with Lane's Prince 
Albert budded on types IX (dwarfing stock) and XII (vigorous) 
found aluminum, barium, iron, manganese, copper titanium, lead, 
lithium, strontium, potassium, phosphorus, calcium, sodium, 
magnesium, chromium, silicon, nickel, vanadium, tin, silver, and 
molybdenum• Kbst of these elements occurred well distributed 
throughout the plant except for the lead which was confined to 
the roots* In the vigorous type XII molybdenum ms not found. 
In the dwarfing type IX besides the other elements, molybdenum 
ms found up to the graft union which goes to show that a larger 
number of elements were found in the weaker rootstocks even if they 
were not used. 
T/hile discussing minerals taken in by the rootstocks a word 
should be said about the type of soil they require. Batton (26) 
worked with bush trees of Lane's Prince Albert and Rramley's 
Seedling on the four different groups of rootstocks in fine gravel 
and sand, silt and clay, and a very stiff clay. A silt clay to a 
medium loam ms found to be the best type of soil. It was found, 
however, that weaker growing varieties on weaker rootstocks in 
the poorer soils were held to a standstill while stronger growing 
varieties as Lane's Prince Albert and Bromley's Seedlings made 
seme progress, showing rootstock response. 
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Resistance of Rootstocks to Diseases and Insects 
Hatton (25) when studying rootstocks for identification 
and classification mentioned type VIII as becoming infested with 
canker and dying out in a few years* 
Hatton and Grubb (34) tell how leaf scorch -sms influenced by 
rootstocks. Unpnmed specimens of Paradise rootstocks, types V and II, 
showed the most severe injury* Type II showed slightly less scorch 
of the two. The trees were six years old when the first signs of 
leaf scorch were noticed. Bramley1s Seedling and Worcester Pearmain 
were worked on several different rootstock types with the following 
results j 
Trees on type I Broad-leaved English - very little scorch 
Trees on type II Doucin - some scorch 
Trees on type III - little scorch 
Trees on type V Improved Doucin - much scorch 
Trees on type VI Konsuch - very little scorch 
Trees on type VII - considerable scorch 
Trees on type IX Jaune do Mets — very little scorch 
Trees on type X, XIII and XVI - very little scorch 
This summary shows types II, V, and VII to be more affected 
than the more vigorous types • 
Grubb (19) worked with potash applications for control of leaf 
scorch. Mention was made of the varieties of rootstocks associated 
with leaf scorch as types II, V, and VII when they were planted on 
soils whore leaf scorch was likely to occur* This sub¬ 
stantiates the work of Hatton and Grubb. 
Wcraald and Grubb (78) made field observations of crown 
gall on nursery stock* and found that type VII was very susceptible 
type II moderately susceptible* and types I and VI moderately 
resistant* 
Frampton (14) worked with different types of spray materials 
on the control of apple scab and apple mildew. The amount of 
spray injury was found to be somewhat influenced by the rootstocks. 
Moore (48) while studying the effects of scab and mildew 
found that some types of rootstocks were more resistant than others 
Trees on type I rootstock were outstandingly the most susceptible. 
Type I induced susceptibility to both scab and mildew* Types XV 
and III induced resistance to both diseases. Unworked type III 
in the nursery has been noticed to suffer badly from both scab 
and milder.'. Moore (47) studied the susceptibility of Cox’s Orange 
Pippin tn-rigs to scab and classified the rootstocks; types I, IX, 
and XVI as inducing susceptibility. Trees on types IV, X, II, VI, 
and V as moderately susceptible, and types III, XIII, and XV as 
inducing resistance. The infection of scab upon leaves and fruit 
followed pretty generally the classification given for twigs. 
Massee (46) studied the resistance of rootstock types to the 
apple aphis • After several infestations of aphis were developed 
on the different Paradise rootstocks, they were classified into 
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the following groups: apparently immune, -type IX; Resistant, 
types IX, V; and susceptible, types I, II, III, and X. Several 
susceptible varieties of rootstooks and Bromley*s Seedling were 
grafted on to resistant rootstock varieties, and the conclusion 
was drawn that susceptible scions on resistant rootstocks also 
became resistant. 
An interesting comparison ms made on the resistance of 
different rootstock types to apple aphis (aphis pcmi, De Geer) 
and wooly aphis (Eriosoma lanigera, Hausmann.) and these results 
are presented in the following table. 
Aphis pomi, De Geer Eriosoma lanigera, Baus. 
Susceptible Resistant Susceptible 
I v.s• 
Resistant 
II - II v.s • - 
III - III v.s. mm 
mm IV IV s. - 
mm V V v.s. • 
VI VI v.s. - 
VII - VII s. 
mm 
VIII — mm VIII 
IX - IX 
X - - X 
XII - XII s. 
mm 
XIII mm - XIII 
From the table type IX seems to be resistant to both insects * 
Le Pelley (44) worked with wooley aphis infestations mad© on several 
different varieties of Paradise rootstocks and found that type XIII 
was least affected. Observations were made of a stool bed of 
lulling Paradise rootstocks in North Kent and type XVI was found 
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to be the most heavily attacked. Types I and VII also showed 
severe attacks. Typos XIII and IX were found to be the least 
infected but only shoots of typo XIII were found to be entirely 
free of the insect* 
The root systems of types I, IV, VII, IX, and XIII were 
exposed to wooly aphis infestations and type I was found to be the 
most heavily attacked. The other types were moderately infested 
and no difference could be distinguished in the degree of infestation* 
Massee (46) placed leaf eating weevils on the different types of 
rootstocks. All the rootstocks were attacked by this insect. None 
of the types showed resistance • 
East Mailing Rootstock Influence 
on American Varieties 
Little work has been done with the East Mailing rootstocks 
in this country since they were first imported about 1924. However, 
*what literature there is will be briefly reviewed. 
Bailey (4) reported the results of several American varieties 
grown on their own roots, on rooted American varieties as rootstocks, 
and on English Paradise rootstocks (probably some of the East 
l&lling types). The American varieties on English rootstocks made 
rapid growth at first but slowed down later, producing rather small 
growth as time progressed. The Paradise rootstocks gave a flat 
spreading top. The dwarfing Paradise rootstocks brought most 
varieties into bearing early. 
- 17 
Roberts (54) claimed that soions have an effect on rootstocks 
and has studied this effect -with East Mailing rootstocks. Wealthy, 
Whitney, and Snow gave varying root growth on Mailing type XII. 
The same varieties on type IX gave quite uniform root development. 
A suggestion was made that type XIII ms a vigorous rootstock because 
it did not affect the scion very much and let it grow as if it were 
growing on its own roots. However, European investigators have 
shown, that under these conditions the scions had little effect on 
determining the root growth of rootstocks. 
Roberts (56) tells of clonal rootstocks showing varying effects 
upon different varieties. This point was brought out more specifically 
when York and Whitney were worked on types IX and XII * The uniformity 
of growth from clonal rootstocks was laid to the matter of technique 
of propagation rather than the principle concerned. 
Anthony and Yerkes (1) worked Stayaan on Mailing types XII, 
XIII, XV, »Tid other clonal rootstocks. The clonal rootstocks in 
four out of five cases gave great uniformity in the nursery. If a 
uniform orchard is to be expected, uniform trees must be selected 
at the beginning. Yerkes, Sudds, and Clarke (79) claimed that clones 
gave more uniform growth in the early years of the orchard. 
Upshall (70) at the Ontario Horticultural Experiment Station 
imported East lulling types I, II, IX, and XVI, representing the 
four rootstock groups • Rhode Island Greening, Melos., Delicious, 
Northern Spy, and McIntosh were budded on these rootstocks and on 
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French crab rootstocks. These trees were then planted in the 
orchard, and they Tier© brought into boaring according to the dwarfing 
characteristics of the rootstocks as* first, dwarfing; second, semi- 
dwarfing; third, vigorous; and fourth, very vigorous. Rhode Island 
Greening gave the largest and Northern Spy the similest crop. The 
vigorous rootstocks delayed production, but it was only a matter of 
time before their production would go far ahead of the dwarfing 
rootstocks. The very vigorous Mailing types produced good trees, 
but they were no more uniform than trees on French crab seedlings, 
and therefore no reeoamiendation was made to the Canadian nurserymen 
to change rootstocks, lulling I, II, and IX may find a place in 
Canada for growing small trees. 
Upshall (71) continuing his studies reported in 1935 on: 
Mailing II# semi-dvmrfingj Sfelling I# vigorous; Selling XVI and 
French crab seedlings, very vigorous, budded to Rhode Island Greening, 
Melba, Delicious, Northern Spy, and McIntosh. He found that French 
crab seedlings with three varieties had larger trees than Mailing XVI 
while with the other two varieties the reverse was true . The trees on 
filing I were smaller than they were on Mailing II and there was no 
evidence that the differences were becoming less. On the per-tree 
basis Melba on Mailing II yielded the most fruit and Rhode Island 
Greening on Mailing XVI yielded the least. On Mailing I and II, 
trees yielded more fruit than did trees on French crab and Mailing 
XVI when yields were figures on a 100 sq. oms. of trunk cross- 
section as a basis. On Mailing I and II large yields were not 
% 
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favorable to fruit color, and it was also suggested that McIntosh 
trees on type XVI may produce fruit of superior color. No significant 
difference was found in fruit size between the rootstocks. Under 
these conditions type I showed more potassium starvation than did type 
II which is in contrast with the results at this Station. The 
variability of tree size was not reduced by the use of clonal root- 
stocks but the yields were less variable with clonal stocks than 
they were with seedling stocks. Type IX, at Vineland, produced 
early and heavy crops of high color as it has done in England. 
Southwick (63) in a study over a throe-year period found a 
difference in form of McIntosh apples on these clonal types. McIntosh 
on types XIII and IV bore apples oblate in shape and this variety on 
types XII and XV bore fruit round in form. In contrast to the 
findings at Vineland the size of the apples by volume was smaller 
as the trees on all of these types grew older. 
Shaw (61) of this Station reported an experiment where Wealthy 
and McIntosh were budded on several types of Mailing rootstocks and 
then were set in the orchard. Types XII and XVI produced vigorous 
trees. Type I was worthless for Wealthy but made a good semi-dwarf 
McIntosh tree. With both varieties types V and VI acted like 
Doucin rootstocks. Types II, III, VIII, and IX with both varieties 
behaved like Paradise rootstocks. Types V, IV, and X gave more 
oblate apples than did types I, XII, and XV. Dwarfing types as 
II, III, VIII, and IX showed a bulge at the union. Wealthy and 
McIntosh grown on type XII were slightly superior than when they 
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wore grown on their own roots and seedling rootstocks* These 
varieties were inferior when grown on types X, XIII, and XV. 
Tukey and Brase (67) showed that East Mailing rootstocks 
were adapted to American climatic conditions* Rootstock types 
from I to XVT inclusive were exposed to a temperature of -31° F* 
In general the dwarfing and semi-dwarfing rootstocks showed the 
most injury* A large enough percentage survived, however, to 
show that they are sufficiently hardy to withstand low temperatures • 
This factor of hardiness may be of same importance in considering 
Mailing rootstocks for commercial use* 
Tukey and Brase (68) worked with the commercial production of 
Mailing rootstocks, and they stated that an acre would yield up 
to 25,000 saleable rootstocks per year. This is another indication 
that these English rootstocks may came into commercial nursery trade. 
Rootstocks in the Nursery 
Swarbrick and Roberts (65) showed that the scion variety when 
budded on vegetatively propagated rootstocks had little effect on 
the type of root system developed. This influence of vegetative 
rootstocks was thought to be due to the stem piece left when budding. 
Roberts (53) while describing the variability of growth in the nursery 
row said that Doucin rootstocks produced slightly more uniform growth 
than seedling rootstocks. Again Roberts (53) mentioned that the scion 
variety affected very little the root system grown by vegetatively 
propagated rootstocks. Roberts (55) concluded that wcion varieties 
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• had little effect on dwarfing rootstocks. The uniformity of 
nursery trees on clonal rootstocks is again attributed to the 
technique used rather than the type of rootstocks concerned, 
Gardner and Yerkes (16) worked with Wine sap trees grown in 
the nursery on seedling rootstocks. The smaller trees grew as 
much or in the same relation as the larger trees. In budded 
trees the size of rootstock seemed to affect the scion -variety, 
but this was thought to be due mostly to environmental conditions. 
Yyvyan (73) studied the growth of unworked Mailing type XIII 
through the growing season of the first year. The total weight 
more than doubled between April and October. The roots grew most 
rapidly during the summer and autumn. The rate of growth varied 
a great deal with weather conditions. After winter and during 
the next spring, very much new root growth was observed at the 
time of bud-break. 
Waugh (76) made growth studies of Baldwin on standard, Doucin, 
and paradise rootstocks. The Doucin rootstocks produced the most 
uniform trees, and Paradise produced the most stociy trees • Doucin 
■wag next in stockiness, making trees more stocky than those on 
standard rootstocks. 
Gardner and Lincoln (17) pointed out that the time of bud 
start had some influence on the size of trees obtained. Early bud 
starting tended to give larger trees. This was thought to be only 
an accompanying factor and not a causal one. 
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Chandler (12) concluded after discussing rootstocks in the 
nursery that tho trees which made the fastest growth would produce 
the best standard trees in tho orchard. II© also pointed out that 
the fruit grower should bo careful to get good sized trees from 
the nurseryman if he expected good orchard trees • 
Erase and Tukey (9) found that the growth of orchard trees 
ms affected little, if any, by the original nursery seedling 
rootstocks used. The operations of budding, the conditions of 
seedlings, the time of budding, digging the trees from the nursery, 
and planting in the orchard concerned growth more than any inherent 
vigor of the seedlings. The trees seemed to equalize themselves as 
to tho amount of growth made after they were planted in the 
oroliard and still were making the effeet of inherent vigor. 
Eaut and Schrader (35) found Delicious, Starting, and 
Yellow Newtown varieties made better growth on clonal rootstocks 
than they did on French crab seedlings. The large tops on the 
clonal stocks were not easily explainable, but cion Vermont 523 
possibly penetrated the soil better as it had a larger relative 
proportion of small roots. The reason for the stimulation of these 
varieties on clonal rootstocks was thought to be due to causes yet 
unexplained. T&e same conclusion was drawn for the lack of con¬ 
geniality of Spy 227 with other varieties as Grimes in this 
experiment than did type II which is in contrast with the results 
at this Station. The variability of tree size was not reduced by 
- 25 
the use of clonal rootstocks, but the yields were lees 'variable 
with clonal stocks than they were with seedling stocks • Type IX, 
at Vineland, Ontario produoed early and heavy crops of high color 
as it has done in England. 
The Graft Union 
The graft union is of considerable importance as in some 
instances it determines whether or not the tree will be dwarfed. 
A degree of congeniality is also indicated by the size of the 
union. Waugh (75) studied the graft union and pointed out that* 
(1) the scion and stock newer ”grow together* in hardwood grafts, 
(2) the scion and rootstock produced new layers of tissue which 
are perfectly continuous, (3) in imperfect unions the new growth 
is interrupted by the presence of loose scar tissue, and (4) weak 
unions are a result of the physiological incompatibility of the 
scion and rootstock. 
Hedrick (37) made a study of dwarf trees on standard (French 
crab). Paradise, and Doucin rootstocks. The trees on Paradise root¬ 
stocks were found to break off most at the union. A considerable 
number of these trees showed enlargements above the union. These 
enlargements did not seem to affect the vigor of these trees. No 
enlargements were noticed on standard rootstocks. The union seemed 
to be best on standard rootstocks, fair on Doucin, and poor on 
Paradise. Varieties considered best for dwarfing rootstocks were 
McIntosh, Wealthy, and Lady. All varieties are not well adapted 
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to dwarfing rootstocks as Baldwin, Rhode Island Groaning, Rome, 
Ben Davis, Northern Spy, and Sutton did not grow very wo 11 • 
C'nandler (12) mentions that the union with dwarfs was not as 
good as it \ms with standard trees • 
Pr&yag (4£) while working with the mango found large knotty 
excrescences on the grafted portion of the trees which checked the 
rate of growth. Webber (77) studied varieties of oranges budded on 
to soui* orange and sweet orange rootstocks • Three types of unions 
were noticed* first, one where the scion overgrew the rootstock; 
second, where the growth of the rootstock and the scion were the 
same, making a smooth union; and third, where the rootstock overgrew 
the scion. The smooth unions, as indicated by the unions of the scion 
varieties on the sweet orange or the rough lemon showed a marked 
degree of congeniality. With this sort of union the trees were 
productive over a long period. The rough unions, where the parts 
concerned were of unequal size, caused the trees to be unproductive 
and short lived. 
proebsting (50) (51) worked with the apple (Pyrus Malus), on 
pear (P. communis) and other fruit combinations which have been 
found to be uncongenial. Structural defects were noted in the 
vascular bundles. Parenchyma or bark tissue were shewn to be laid 
down by the cambiums of the rootstock and scion. This formation of 
bark tended to disarrange-; the normal flow of nutrients which caused a 
large growth above the union. A tree in leaf with this type of union 
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•was almost sure to break at the union when exposed to a high wind. 
Sass (60) made studies of the callus knot formation at the 
graft union of apple trees. Wherever there was a local obstruction 
to the effective functioning of the vascular union between the scion 
and the rootstocks, an excess of callus was formed. Large callus 
Imots developed on the scion and these influenced greatly the 
perfection of the union. These callus formations were attributed 
to poor methods of grafting rather than to incompatibility. 
Gardner, Bradford, and Hooker (18) have pointed out that root¬ 
stocks must be considered and much harm may come if their Influence 
is ignored. Rootstocks must be selected which will form a good 
graft union with the scion variety and at the same time be desirable 
for the soil used as well as resistant to insects and disease. 
Swingle (66) discussed Trifoliage orange rootstocks as one of 
the better rootstocks on which to bud orange varieties. Vifren orange 
varieties were budded on Trifoliate rootstocks, the rootstocks were 
stimulated to overgrow the scion which was considered to make a 
poor union. A footnote in this paper says that in loquats the quince 
rootstock overgrew the scion. In this case, however, the trees came 
into bearing early and have borne large crops. With loquats a point 
of interest to note is that the quince rootstock was a small-leaved 
plant of a species not closely related, grafted on with a broad¬ 
leaved evergreen scion. The union where the scion overgrew the 
rootstock was considered very unsatisfactory. The trees with this 
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type of union were usually very short lived even if they were 
not broken off* 
Chandler (12) when discussing rootstocks as supplying nutrients 
to the scion said that larger or small sized fruit may be produced 
depending upon the restriction at the graft union* Evidence to 
verify this statement was produced when larger fruits were grown 
on ringed grape shoots • He thought also that a weak union would 
depend upon the dwarfing rootstocks used* 
Bradford and Sitton (8) after studying the graft union of the 
apple and pear* concluded that the swelling at the union ms not a 
sign of uncongeniality • Uncongenial graft unions were due to other 
causes, as a break in the cambium continuity which appeared near the 
end of the growing season* The most uncongenial graft union of the 
apple ftnri pear showed no swelling or external malformations • The 
largest swellings were found to occur on grafts that wore congenial. 
Chang, Wen-Tsai (13) studied grafted and budded combinations 
of pears, plums, peaches, and cherries and found mechanically weaker 
unions in all incompatible combinations. Three classes of wood-fiber 
and bark discontinuity were shown by incompatible combinations. They 
were in order of decreasing severity! 
1*- Both bark and wood fibers discontinuous* 
2*— Bark continuous, but wood fibers discontinuous* 
3 Bark discontinuous, but wood fibers continuous. 
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In contrast to the work in Michigan incompatible combinations had 
much enlarged parenchymatous cells at the union even twelve weeks 
after budding# Incompatible unions require less force to break 
then than did compatible ones. Incompatible unions showed some 
form of obstruction as dye injections and vaater flowed slower through 
these unions under tests than it did through compatible ones. Heavy 
deposits of starch were found above the unions in November. The 
obstructions and mechanical weakness of the unions were suggested 
to cause tree decline showing incompatible combinations• 
Chandler (12) tells of Hedrick* s experiment with dwarf root¬ 
stocks in which it was concluded that dwarf rootstocks were 
undesirable for use in America. Chandler then went on to say 
that these results do not necessarily prove that better types of 
the English broad-leaf Paradise as described by Hatton were not 
desirable. 
Southed.ck (62) after making a most extensive and complete 
report on the literature of the interrelations of rootstocks and 
scions said that with the vast amount of work that has been done 
there still remains much to be found from research# 
During this review of literature little work was found that 
mentioned American Apple Varieties grown on Bast Mailing rootstocks 
in the nursery. This problem is concemod mostly with nursery 
growth of American apple varieties on Bast Mailing rootstocks • 
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MATERIALS AM) METHODS 
Nursery 
The nursery used contained 1,200 to 1,500 one and two 
year old trees and was located in part of the College fruit 
nursery commonly known as the Tuxbury Nursery. The size of this 
nursery was 282 feet long by 24 feet wide. The soil was a 
Merrimac fine sandy loam. Latimer and Smith (43) say that this 
soil has a compact subsoil which is composed of fine sand under 
which there is a layer of gravel. Under these conditions this type 
of soil is inclined to dry out faster during the drouth seasons 
than a very fine loam or clay. On unworked land of this type the 
acidity would be in the pH range of 4.32 to 5.89. 
Soil drainage is rather variable. The soil is fairly well 
drained by the subsoil at the higher points. In the center of 
this nursery, there is a low place under which thero is a tile 
drain running diagonally from northeast to southwest draining 
the orchard land above. The soil near this drain retains moisture 
much longer than the ground further away. 
In the spring of 1934 the soil was prepared for planting by 
regular tillage methods• Applications of nitrate of soda and 
tankage were made at the beginning and throughout the experiment 
as the occasion required. 
Apple Varieties 
In a problem of this type it is necessary to discuss the 
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growth habits of the variety used so a brief description will 
be given of each. The older varieties will be described from 
Beach (6)• 
The Baldwin is a very vigorous grower, forming a large tree 
with strong branches • The form of growth is upright spreading, 
and as the tree grows older, it tends to become round with a some¬ 
what dense head. The leaves are large and broad. 
McIntosh is a vigorous grower, having many small slender laterals 
and forming a spreading but rather roundish head. 
Wealthy is a moderately vigorous grower with curved branches 
f 
which are moderately stout, producing a tree somewhat dwarfish in 
sise. The form is roundish, open to upright spreading, with branches 
that are somewhat drooping. 
Rhode Island Greening grows vigorously giving a strong, large 
tree • The form is wide spreading but rather dense with somewhat 
drooping stoolsy branches. The leaves are large and broad. 
Williams is a slow grower, forming a small tree. When this 
variety is worked on to a vigorous rootstock, it makes a larger 
and more vigorous tree. The form is roundish and rather dense to 
upright spreading. 
The new and promising varieties used will new be described. 
According to Van Meter and Shaw (72) Starking is a red bud sport of 
Delicious «tk* therefore the two varieties have tree characters which 
/ 
are practically identical. Hedrick (86) describes Delicious as being 
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a moderately*vigorous grower producing a large tree with smooth, 
stout, and spreading branches. The leaves are of medium size • 
Hedrick (38) described Golden Delicious as having a smooth 
and thick trunk with an upright spreading top* The branches are 
smooth and slender* 
Hedrick (38) points out that the Red Spy is a rod bud sport of 
Northern Spy and the trees are identical* Beach (6) described the 
Northern Spy as a vigorous grower producing a large tree with an 
upright form which tends to become roundish and dense* The branches 
U 
are moderately stout, long, and curved* Slender willowy laterals 
are developed which are inclined to droop somewhat* 
Hedrick (39) describes Macoun as a medium sized tree which is 
upright and slightly spreading. The trunk is smooth and stocky. 
The branches are upcurving, smooth, and stout. 
Hedrick (39) points out that the Red Gravenstein is a sport 
of the Gravenstein and therefore the trees would closely resemble 
that variety. According to Beach (6) the Gravenstein is a vigorous, 
producing a tree with an upright spreading to roundish form which 
is inclined to be open. 
Howe (42) describes Kendall as vigorous, producing a large 
tree which is upright spreading. The top is round, broad, and 
inclined to be open. The trunk is medium smooth and stocky, and 
the branches are thick, stocky, and inclined to be crooked but 
producing strong crotches. 
Hedrick (40) describes the Milton as a vigorous grower with 
an upright spreading top which tends to become round and dense as the 
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tree grows older. A larger tree is produced with smooth, stocky 
trunk and slender branches. 
A brief description will now be given of the rootstocks used • 
East Mailing Rootstocks 
Hatton (20) (21) (27) and Bane, Board and de Wet (5) have 
studied the characteristics and suitabilities of the sixteen East 
Mailing rootstocks under varying conditions and have given descriptions 
of the types of growth made by each* From these reports the root- 
stock types used in this experiment will be briefly described. 
Type I, known as the Broad leaved English Paradise, is a healthy 
vigorous grower producing good rootstocks for propagation. It is of 
medium season showing little feathering (tendency of t rees to become 
dense with spiny growths) and wounds callus quickly. Adventitious 
root8 grow readily from layers• 
The root system is characterised as being well balanced with 
fiber and ooarse lateral roots penetrating the soil to a medium 
depth. This rootstock is considered to bo well worth propagating 
as it does well in poor soils. 
Type II is a true Doucin stock long known as the English Paradise. 
This rootstock is characterized as vigorous, very healthy, producing 
an upright plant which is of a coarser nature than Type I. It is 
medium in season showing a good deal of feathering, bounds on this 
rootstock are slow to callus, and the leaves are dropped quite early. 
The root system is composed of very strong, coarse, lateral roots 
with an absence of fiber. 
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Type III is known as the nIIolly leaf" of Mailing, after its 
holly-shaped leaves. The top growth is very whippy in nature and 
on the stronger shoots long dropping laterals occur. This rootstock 
is strong and vigorous at the beginning but soon deteriorates and 
loses its vigor becoming a weak grower. Roots form quickly from 
cuttings and layers. The rootstock is of medium season and wounds 
callus quickly. It produces very small rootstocks for propagation 
purposes and is often affected by mildew and scab. The root system 
has much vigorous fiber and the lateral roots, as compared to types 
.V • *i • 
I and II, are not as coarse but they show a decided tendency for 
downward growth. 
Type IV known as Holstein Doucin probably originated from Malus 
Pumila. The top of this rootstock is small and upright with fairly 
sturdy and stiff branches. This bush shows very little spreading thus 
tending to be compact. This rootstock is vigorous when young but 
distinctly dwarfing in later years • It is generally healthy and early 
in season, shows very little feathering. Plants produced for propagation 
are generally small and the desired variety usually has to be grafted, 
as buds do not seem to take very well • Roots are formed rather rapidly 
on layers near the base. Wounds callus very slowly. The root system 
shows plenty of fiber with coarse lateral roots. These lateral roots 
are very shallow occurring mostly in the first four or five inches of 
the soil. Trees on this rootstock tend to blow over easily. 
Type V, Doucin Ameliore or Improved Doucin, is moderate in 
vigor, and the tree produced is upright and spreading being taller 
than type IV but not as tall as types I, II, and III. This rootstock 
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is medium In season, healthy, but is undoubtedly dwarfing. Little 
tendency is noted toward feathering. Wounds cullus rather quickly. 
Layers form, roots quite readily producing good quality rootstocks. 
j. ie root system consists of a curious mixture of muBh fiber occurring 
around the stem with deep rooting laterals which are rather bare of 
fiber • 
Type IX is known as Jaune de Metz. The top is small but open, 
spreading and rather round. This rootstock is medium to late in 
season, healthy, very vigorous, and shows some feathering. Roots are 
formed rather quickly on layers, producing fair quality stocks for 
working. Wounds are quick to callus or heal. The root system is 
rather lacking in sturdiness having some bear coarse lateral roots 
which have a downward tendency in the soil. A small amount of fiber 
occurs near the trunk of the tree. 
Type X is a German seedling coming from Spath, Berlin. The top 
is medium in size with upright and slightly spreading branches. The 
rootstock is not so healthy or hardy in wood as others but it is 
more vigorous. It tends to be like the Douoin type. The root system 
is composed of coarse horizontal lateral roots which t end to go off 
at a 45° angle. The roots are moderately vigorous and much fiber occurs 
near the trunk of the tree. 
Type XII is a Mailing selection from crab stocks which is the 
most vigorous of the layered free stocks, being healthy and rooting 
quite v/oll from layers producing good quality rootstocks for working. 
The root system is made up of many vigorous coarse laterals which 
contain a medium amount of fiber and there are also many medium 
to small laterals that have much fiber. The roots run parallel 
to the surface which anchors the root system very firmly* 
Type XIII is another rootstock of German origin. It is a 
vigorous grower producing an upright**spreading top which is inclined 
to be open. Roots form readily on this rootstock making it very 
easy to propagate vegetatively. The root system is composed mostly 
of strong, coarse, horizontal roots with a very few vertical ones« 
There is much vigorous fiber located near the stem. I’his root 
system seems to provide good anchorage which makes the rootstock 
promising as a standard* 
Type XV is another German rootstock. The top is large, tall, 
upright spreading, but maintaining a oentral leader. The plant itself 
being mentioned as extremely hardy and robust. Its one disadvantage 
is a tendency toward a spiny growth habit. The root system consists 
of large vigorous roots which grow at an angle of 45°. A large 
amount of fiber is present, mostly located near the stem. 
Type XVI is another rootstock from Germany with leaf characters 
■which resemble quite closely the Douoin. This rootstock does not 
appear very strong in stool beds but roots more readily than most 
Doucin stocks. This rootstock grows clean and buds take well on it. 
The tree produced is most vigorous and well anchored. It is quite 
promising for standard purpose® but not quite so strong a grower as 
type XIII. This rootstock starts late in the spring, the buds just 
beginning to break when other rootstock varieties are in full leaf. 
There is no direct description of the root system of the urrworked 
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rootstock. Yfrien topworkod the root system is composed mostly 
of largo coarse laterals, with a few going down into the soil. 
Only a little fiber occurs and that is along the main roots • 
The East Mailing olonal rootstocks used in this experiment 
were from the Experiment Station’s stock layering bed. Those 
rootstocks were variable in size and not all of them were up 
to standard A grade. The planting of these rootstocks took 
place in 1934 and were budded during that summer. Some rootstocks 
were left and budded during the summer of 1935. 
Measurements and Statistical Methods 
In 1935 measurements wore taken of the heights and trunk 
diameters: above, at the union, and below. The height 
measurements were made with a meter stick. The diameter 
measurements were made with a steel millimeter calipers • In 
1936 these measurements were repeated on the two year old trees • 
At this time the trees were lifted, a trench was dug on 
each side of the row approximately eighteen inches away from 
the center or where the trees stood. The trench was a foot 
Wide and eight inches deep. Then two spades were placed, one 
in the trench on each side of the row, so that they were facing 
each other. The spades were then worked down under the trees 
loosening the soil from the roots. The trees were then taken up 
carefully so as to preserve as much of the root systems as 
possible• 
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Root diameter measurements v/ero made with calipers 
approximately six inches from the trunk. N0 roots under 
throe millimeters in diameter were recorded. The nature of 
the root system ms observed and notes were taken as to the 
amount of fibrous roots these systems contained. 
The data will be presented with tables, graphs, and 
statistical methods being used, when feasible. 
Presentation of Data 
Data will be presented showing the growth of certain 
common American apple varieties on Mailing rootstocks. The 
discussion will follow the general outline of: budding, height 
growth, diameter growth and bulge, root systems, observations 
of orchard trees as to anchorage, and diameter increases and 
yields made by orchard trees. 
Budding 
In the spring of 1934 the several types of rootstocks 
were planted in the nursery. During the summer of 1934 these 
rootstocks were budded. The success of the budding was 
variable and the figures are presented for what they are worth. 
Table I gives the budded varieties with percentages of buds 
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Table I shows tliat on the standard rootstocks, types 
X, XII, XIII, and XVI, the buds grew better than on the 
more dwarfing types. The varieties showing higher 
percentage of buds living and growing on all rootstock 
types were hilton, Williams, Golden Delicious, Starting, 
Jfclntosh, Wealthy, and Kendall. This may suggest that 
dwarfing rootstocks were less compatible than the vigorous 
ones • 
'ore evidence supporting the above statements is 
included in Table II. The figures presented in this table 
were taken from a different block of East lulling rootstocks 
budded in 1935 • The same varieties were used as were shown 
in Table I. The percentage of budding success is low in all 
cases in Table II, duo to the dry season. It was difficult 
to insert the buds without injuring the tissue, and the 
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Table II shows again that tho vigorous rootstocks under 
dry conditions had the higher percentage of budding success. 
The varieties showing the higher percentages of success on 
the various rootstocks were Golden Delicious, Red Gravenstein, 
Kendall, McIntosh, Dtarking, Wealthy and Red Spy. Golden 
Delicious in this case acted differently than the other 
varieties giving the highest percentage of success on the 
dwarfing types. This may have been due to the ability of 
Golden Delicious to withstand the dry conditions better than 
most other varieties. 
Height 
In 1935 the height measurements were taken of the varieties 
on Mailing rootstocks as one-year trees. The differences in 
these measurements may depend largely on soil variation. Another 
thing that must be kept in mind is the effect of the top root 
ratio. The entire stock is cut off following budding giving the 
bud a very largo root system. This would have a tendency to 
give all trees a uniform start this year even weak trees having 
an ample root system. 
Looking at Figure 1, Baldwin grew much better on the 
standard rootstocks than on the dwarfing types while Red Spy and 
Golden Delicious grew bettor on dwarfing types than they did on 
the vigorous types. 
^Kendall on Seedling Rootstock 
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Baldwin, McIntosh, Red Spy, Golden Delicious, and Starting 
on type I grew in about the order of the vigor of the varieties 
with Baldwin and McIntosh making fair growth. The other 
varieties grew poorly. Type I caused Baldwin and Starting to 
have the largest variation of all types with coefficients of 
21.78 t 2.50 and 24.50 t 3.09 respectively and Red Spy had the 
least variation 9.59 + 1.89 percent. 
Red Spy on type II grew poorly but was the most variable 
with a coefficient of 22.38 £ 5.09. 
Red Spy on type III ms abnormally vigorous showing very 
good growth for a variety on a Doucin type. Golden Delicious 
also grew well on this type • Baldwin grew poorly and McIntosh 
and Starting did very poorly. 
This type caused McIntosh to vary the most of all types, 
24.38 £ 2.33 percent. It is interesting to note that McIntosh 
on this type grew the least and it ms the most variable. 
Nearly all varieties on type IV grew uniformly well • 
Rhode Island Greening grew slightly better on this type than 
it did on type V. Milton and Williams grew poorly but this 
ms probably due to the lack of vigor of the varieties. Macoun 
and Wealthy which are not too vigorous growers grew poorly on 
this type, but only slightly bettor on typo V. Mhcoun, however, 
grew much better on this type than it did on some of tho more 
vigorous standards as types X and XVI. 
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Of all types, IV caused McIntosh and Golden Delicious to be 
the least variable with coefficient of 11.09 £ 1.12 and 9.59 £1.89. 
Kendall was also the least variable on this type 12.49 £ 1.43 . 
On type V most varieties grew moderately well. Macoun and 
healthy grew better on this type than they did on type TV and 
acoun grow well on this variety considering it is short stocky 
variety. Red Spy on this type grew the most that it did on any 
of the types. 
healthy and Rhode Island Greening had the most variability 
on this type, 20.92 £ 2.21 and 17.36 £ 3.22 percents. 
Red Spy, the only variety on type IX, grew moderately well. 
The varieties made quite variable amounts of grovrfch on 
type X. Baldwin grew well and McIntosh and Starking were some¬ 
what dwarfed. Golden Delicious and Macoun were dwarfed very much. 
This type caused Golden Delicious and Macoun the most 
variability of all the types of 17.89 1 1.41 and 21.07 £ 2.10 
percents. Again the smallest trees v/ere most variable. Baldwin 
and Starking grew very well on XII. McIntosh and Starking on 
this type grew about the same as they did on type IV with 
Starking growing a little better and McIntosh growing a little 
less. This type caused Starking to havethe least variation of 
13.86 £ 1.51 percent. 
Baldwin grew well on type XIII but slightly less than on 
type XII. I&coun grew well on this type considering it is a 
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slow stocky grower. McIntosh, Starting, Golden Delicious, and 
Kendall grow poorly on this type being dv/arfed as compared to the 
growth they made on type IV. 
Type XIII caused Macoun to have the least variation of all 
types 13.42 i 1.06 percent. 
Type XV caused Baldwin to grow the best, these trees being 
the largest in the whole group. McIntosh and Starting were dwarfed 
on this rootstoct type and they grew only slightly better than they 
did on type XIII. 
Type XVI a standard rootstock, caxxsed Baldwin to grow no 
better than did dwarfing typos showing quite a contrast with the 
growth made by this variety on typo XV. Kearly all varieties 
grew poorly on this type. However, Starting grew fairly well • 
Kendall, Golden Delicious, and Macoun grew very poorly. 
Kendall grew well on seedling rootstocks which are standard 
stocks. Kendall showed most variation on seedling of 22.03 L 
2.35 percent. 
To show concisely the growth made by these varieties on the 



























































































































































































































































































































































































It will be noticed that all varieties on types If IV, 
XII, XIII, and XVI made good growth in nearly all cases* 
All varieties except Golden Delicious and Red Spy were dwarfed 
on types III and V* 
In Table IV the rootstock types have been arranged in 
order of the growth made by each variety upon them* 
TABLE IV 
Rootstocks Arranged in the Descending Order of 
Growth Made by the Scion Variety in 1935• 
Rootstocks 
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 
Baldwin 15 12 13 10 4 5 1 16 3 
T^clntosh 4 12 16 10 1 5 13 15 3 
Starking 12 16 4 15 13 5 10 1 3 
Celden 
Delicious 4 3 1 16 5 13 10 
Red Spy 3 4 1 9 2 5 
lacoun 5 13 4 16 10 
Kendall 4 * 13 5 16 
* ® Seedling roots 
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Fran this table, it will be noted that type IV and XVI 
have grown universally well with most varieties. Types I, 
V, and XVI have grown most varieties poorly to moderately well. 
Types X and XIII caused the varieties to grow moderately well. 
Golden Delicious and Red Spy on type III grew' very well, but 
Baldwin, Kclntosh and Starking grew poorly showing that it was 
particularly well adapted to the other two varieties. Baldwin 
on type XV grew especially well, but other varieties made only 
fair growth. 
Diameter Growth and Bulge 
Diameter growth is next considered as it is also a good 
measure of growth and less variable than height growth • The 
figures for 1935 and 1936 taken from tables in the appendix 
have been plotted so that the growth in the two years can be 
seen at once, inch one-fifth of an inch or four of the very 
faint one-twentieth inch lines on the graph is let to represent 
a millimeter. The figures for 1935 were not such a good 
indication of how these varieties and rootstocks grew because 
there vms a relatively large root system and this influence 
would tend to give the scion varieties a uniform start in the 
first year. In 1936 the second year of growth, the figures 
give a more reliable indication of the kind of growth that 
could be expected as the top-root ratio had become more nearly 
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balanced. The figures in same case are not significant but 
they will be presented as giving some indication of growth and 
differences that may develop as the trees mature# In all cases 
the rootstocks were larger than the scions# These data will be 
discussed from two angles: first, the several varieties on each 
separate rootstock and then each variety on the several different 
types • 
Varieties on a Single Rootstock 
Figure 2 shows the varieties arranged in the ascending 
order of the diameter growth of the scions # Incidently in all 
of the figures showing varieties on a single rootstock, the 
scions will be arranged in the same way, using these as a 
basis# In 1935 Red Spy had the largest bulge in relation to 
the stock. The 1935 height measurements are included in all 
figures to show the height growth as compared with that of 
diameters. Starking had one of the larger bulges, it also 
made a shorter growth than any of the others. In 1936 Baldwin 
had the largest bulge# Yttth Golden Delicious the bulge increased 
in relation to the scion and rootstock. In both years Baldwin 
made more growth than any of the other varieties. This is shown 
more clearly by the 1936 curves. Starking in this year grew 
considerable, changing from growing the least in 1935 to making next 
to the most growth in 1936# 
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Figure 3 shews the same varieties on type III. In both 
years Red Spy and Golden Delicious had the larger bulges# With 
the other varieties the bulge "was in the same general relationship 
to the scion and rootstock# Starting and Molntosh on this type 
grew poorly# 
In 1956 McIntosh and Starting change in the order of the amount 
of growth m&de and the bulge remained in the same relation to the 
rootstock and scion# This may suggest that Starting was dwarfed 
Bome by the rootstock which was a handicap from 1955 • On this 
type McIntosh, Starting, and Baldwin made slow growth whereas 
Golden Delicious and Red Spy made good growth. Under our conditions 
in this nursery type III was a dwarfing stock for McIntosh and Starting, 
but a vigorous one for Golden Delicious and Red Spy • 
With type IV it is necessary because of the large number of 
varieties, to make two figures each representing ft year# Figure 4 
shows the growth made by these varieties in 1955« Williams had a 
large bulge in relation to the rootstock. The growth for all 
varieties ran along about the same from Williams to McIntosh. From 
McIntosh on the growth increased and also the bulges increased# 
Rhode Island Greening, Red Gravenstein and Baldwin had the larger 
bulges • Baldwin made the most growth of any of the varieties on 
this type. Note the short height growth made by Wealthy, Williams, 






In Figure 5 the points mentioned in 1935 were brought out 
more clearly in 1936 • With Williams the bulge was still large in 
relation to the rootstock. These were the only trees in the whole 
group that had the scion and rootstock nearly the same size • The 
nearness of size of rootstock here may be an indication that the 
scion is going to overgrew the stook. Except for Williams, the 
bulges were in the same relationship to the rootstock and scions 
until w© come to Red Gravenstein which had a large increase in 
the bulge • The bulges drop down on Golden Delicious and Red Spy 
but increase greatly with Rhode Island Greening • The bulge then 
decreased slightly on Baldwin. The bulges Increased according to 
the amount of growth made, and Red Gravenstein, R. I. Greening 
and Baldwin had the larger bulges. These larger bulges of Red 
Gravenstein and R. I. Greening in time to com© may mean dwarfing 
as shown by Hedrick (37). Wealthy, Williams, Starting, Macoun, 
Kendall, Milton, made fair growth on this type but McIntosh, Golden 
Delicious, Red Spy, R. Greening and Baldwin made good growth. 
Figure 6 shows that Kendall had the smallest bulge in 1935. 
Again the bulges increased as the amount of growth increased. 
R. I. Greening had the largest bulge and Red Spy and Kendall made 
the least growth of the varieties in the first year. McIntosh, 
Starting, Macoun, R. I. Greening, and Baldwin made good growth 
in 1935. 
In 1936 Red Spy had a large bulge in relation to the root¬ 
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scion but with a large bulge that may mean dwarfing in future 
years* R. I* Greening, Ifecoun, and Baldwin had the larger bulges* 
R. I. Greening on this rootstock showed the largest bulge the 
same as with type IV* Kendall, Golden Delicious, Starting, Red 
Spy, and McIntosh mad© only a medium amount of growth* Wealthy, 
R* I* Greening, Ifecoun, and Baldwin made good growth* Ifecoun 
does well on this type as compared with this variety on type IV* 
Figure 7 contains varieties on types X and XII for 1935 and 
1936. On type X in 1935 McIntosh and Baldwin had the largest 
measured bulges with Golden Delicious, Starking, and Baldwin 
having the largest bulges in relation to the rootstocks and scions. 
McIntosh and Macoun had slightly smaller bulges in relation to the 
rootstocks and scions, but the rootstocks grew faster showing that 
with these two varieties the rootstocks were starting to make a 
large amount of growth over the soions. In this year Baldwin and 
McIntosh made the most growth* Hot© the short height growth made 
by Ifecoun« In 1936, Golden Delicious and Starking particularly, 
maintained their large bulges in relation to the rootstocks and 
scions with the bulge relationships on other varieties becoming 
smaller, showing the union was becoming smoother# Baldwin and 
McIntosh on this type still continued to make the most growth in 
this year* 
Next the varieties on type XII will be discussed. In 1935 
Starking and Baldwin had the larger bulges also having the larger 
bulges in relation to the rootstocks and scions. McIntosh had a 
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slightly smoother union relationship and smaller bulge• McIntosh 
had the shortest trees of the three varieties• 
In 1956 the bulges of Staricing and Baldwin on this type still 
remained large in relation to the other two parts* Starking and 
lie Intosh made the same amount of growth but bulge and rootstock 
increased in relation to the scion. Baldwin and McIntosh made 
good growth during this year on this type* 
In Figure 8 during the season of 1935 Baldwin on type XIII 
had the largest bulge and Kendall next* The relationship of the 
bulges to the rootstocks and scions was about the same for all 
varieties on this type exoept Kendall which showed a slight 
increase over the others • Again the slow growth of Golden Delicious 
and Macoun can be seen by the short height of these two varieties* 
In 1936 the Baldwin and Kendall maintained the larger bulges. The 
bulges of others remained in about the same relationship to the 
rootstocks and scions• The bulge on Baldwin decreased slightly 
in relation to the rootstock and scion as the trees grew older* 
With both years Macoun and Baldwin made good growth. 
In Figure 9 the bulges were in about the same relationship 
to the rootstocks and scions for all varieties on type XV. 
Kendall on seedlings had the larger bulge in 1935 surpassing 
Baldwin slightly* Baldwin made the most height growth of any 
variety • 
In 1936 the bulges on all of these varieties seemed to have 




in 1935* Baldwin has the largest bulge in 1936 surpassing Kendall 
on seedling roots which was ahead of it in 1935 • Baldwin and 
Kendall made the most growth* Koto how the curves became steeper 
showing increasing rapidity of growth being made by Kendall and 
Baldwin • 
In Figure 10 during the season of 1935, Racoon and Starking 
on type XVI had the larger bulges in relation to the rootstocks 
and scions growth* Kendall made poor growth as compared with 
Starking and Baldwin* Kendall also made the least height growth 
of any variety* 
In 1936 a more constant relationship ms maintained between 
the bulges and the rootstocks and scions than in 1935* This year 
McIntosh and Starking made better growth than Baldwin. Baldwin 
apparently was not so well adapted to type XVI and in record 
year slowed down in growth# 
A Single Variety on Rootstock Types 
Yfe have discussed the nursery interrelation of these root* 
stocks considering the several varieties on each rootstock* We 
will now proceed to discuss each variety on the several rootstocks 
in order to present the data from a different viewpoint* 
In Figure 11 Baldwin during the season of 1935 made the most 
growth on type XV* This variety grew well on types IV, XII, and 
XIII. Baldwin made poor growth on types I, III, X, and XVI* 




on type IV had a bulge that was especially large in relationship 
to rootstock and scion as compared with type XV. The large bulge 
of this variety on type XV was probably due to large amount of 
growth made by the rootstock and scion. The large bulge of 
Baldwin on rootstock IV was probably due to some other factor# 
The variation made by these trees is best shown by the 
coefficients of variability of the scions, bulges, and rootstocks# 
For the scions type I varied the most with a coefficient of 
21*56 4 2 #34 and least on type XVI of 13*68 4 1.12 percent* The 
most variable union of Baldwin was on type I of 21*13 4 2*30 percent 
and the least was on type XVI with 12*78* 1.05 percent# The root- 
stock under this variety which varied the most was that of type X 
of 23.50 4 1.97 percent and the least was type XV of 14.57 4 1*02 
percent. The variation of other scions, bulges, and types were in 
between these extremes stated above# 
In 1936 Baldwin on types IV and XV made the most growth and 
this is a more true picture than that of 1935 as the tops and root 
systems have become in a better balance at the beginning of this 
season. This variety on types I, III and XVI made the least growth. 
In the second year the bulge of Baldwin on type IV grew the largest 
and was quite out of relation with the rootstock and scion. The 
bulge increased without the rootstock and scion increasing whereas 
this variety on type XV which had a large bulge the rootstock and 
scion increased also# 
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The variability has changed this year to other types as for 
the scions on type X varied the most with a coefficient of 18.65 + 1.65 
and on type IV the least with 12.20 * 1.56. The union of this 
variety varied the most on type X of 21.70 + 1.86 percent and the 
least on type IV with 9.57 ± 1.05 percent. The rootstock under 
Baldwin that varied the most was type X of 21.28 ± 1.90 percent 
and the least was type XV with 11.79 ± 1.01 percent. 
In Figure 12 during the season of 1935 McIntosh had about 
the same amount of growth on all rootstock types except that on 
type II where it grew the least. This variety on types IV and 
XVI gave slightly more growth than it did on other types. The 
bulge of McIntosh in most cases with the exception of it on types 
I and IV remained in the same relationship with the rootstock and 
scion. With this variety on types I and IV the bulges were 
slightly larger in relation to the rootstocks and scions. The 
bulge and rootstock of this variety on type XVI grew more in 
relation to the scion than they did on most other types. McIntosh 
on XVI made slightly more growth than it did on XV which was the 
reverse with Baldwin. This variety on type III made the smallest 
height growth as compared to the other types • The variability was 
the largest for the scions of this variety on type X of 20.5 ± 1.63 
percent and the least on type XII with 11.80 ± 1.22 percent. For 
the variety bulge the variability was largest on type XV of 
16.90 t 1.62 percent and the least on type XVI of 11.16 + .83 peroent. 
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The most variation of the rootstock types under this variety 
was of 17 #41 ± 1 #68 percent with type XV and the least was with 
type XIV of 11*53 ± 1*82 percent* 
In 1936 McIntosh made the most growth on types IV, X, XII, 
and XVI. This variety made the least growth on types I, III, and 
V but with types XIII and XV it made fair growth* The bulge of 
this variety on type IV was the largest and most out of proportion 
to rootstock and scion* The bulge of McIntosh on type X was quite 
large, but rootstock and scion grew well in comparison with this 
variety on types IV and V so the union would be smoother and less 
dwarfing may result as the trees mature* In the second year the 
bulge of McIntosh on type XV caught up with this variety on XVI* 
As the trees grew older and away frem the root system influence 
of the first year, McIntosh on type XV as with Baldwin on this 
type, would probably be a vigorous grower* 
In 1936 the McIntosh scions varied the most on type V with 
a coefficient of 17.68 ± 1*64 and the least on type XII of 10*94 ± 1.25 
percent. The bulge of this variety varied the most on type II of 
15.85 + 1.54 percent and the least on type XV of 9.40 ± 1.13 percent. 
The rootstoclaunder this scion variety which varied the most were 
those of type XIII with a coefficient of 22.15 * 1.75 and the least 
variable was type XV 11.82 + 1.43 percent. 
In 1935 Figure 13 shows that Starking on types TV, XII, and 
XV made fair growth and slightly better on types I, III, and X. 
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Tho bulges of this variety were larger on typos I and XVI. The 
Star king bulge remained in the same relationship on most types 
except X, XIII, and XV where the bulges in relationship to the 
rootstock and scions were smaller. With these smaller bulges 
smooth unions were formed. 
In 1935 the variability of this variety’s scions was the most 
on typo V of 20.71 4 2.30 percent and the least on type XVI of 
15.2o * 1.11 percent. For the Starting bulge type IV varied the 
most with 19.40 4 1.78 percent and the least on type XVI of 
11.36 ± .82 percent • The rootstock type under this variety which 
varied the most was type IV of 19.59 4 1.80 percent and type XVI 
the least with 13.83 * 1.00 percent. Note that the scion, bulge, 
and rootstock measurements varied less on type XVI than they did 
on any other rootstock type with this variety. 
In 1936, Star king on types I, IV, XII, XIII and XVI made good 
growth and with the trees of this variety on typo XVI making the 
most. Star king on dwarfing type III and standard type XV made 
the least growth. The bulge of this variety was largest on 
dwarfing type I, IV, and standard type XVI. The relationship of 
these bulges to the rootstocks and scions were the largest on 
dwarfing types I, IV, and V. From the graph it will be noted 
the large bulges in relation to the rootstock and scion increased 
from type IV as the types grew more vigorous up to type XV. 
Starking and McIntosh made only fair to medium growth on type XV, 
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but Baldwin grow vigorously on this type. In 1936 Starking scions 
varied the most on type IV with a coefficient of 23,80 ± 2. 
and the least variation was shown on type XVI of 14,85 + 1.21 
percent. The bulge of this variety showing the most variation was 
that on type IV of 23,24 + 2.38 peroent and the least was on type 
III of 12.30 + 1*22 percent. The rootstock with this variety 
whioh showed the most variation was type IV of 22.58 ± 2.31 percent 
and the least was -type XII with 10.53 ± 1.20 percent. 
Figure 14 shows that in 1935 Golden Delicious made better growth 
on the dwarfing types I, III, and IV than it did on the vigorous 
types X, XIII, and XVI. The most growth was made by this variety 
on types III and IV, Golden Delioious made the least growth on 
type X. This variety on type IV had the largest bulge in relation 
to the rootstock and scion and it also was the largest measured 
bulge • The bulge relationship was about the same for all the other 
types. The bulge sise in relation to the rootstock and the scion 
became smaller as the rootstock types increased in vigor. The 
trees of this variety which made the most height growth were on 
type IV. 
This variety showed the largest variability on type XVI with 
a coefficient of 16.32 ± 1.18 and the least variation was on type I 
of 11.95 ± 1*83 peroent. The bulge of this variety showing the 
most variation was on type I of 18.55 ± 2.89 percent and the least was 
on type III of 11.01 ± .83 percent. The rootstock showing the 
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moat variation vdth this variety was type X of 19.72 ± 1.56 and the 
least on type III, 12.41 * .92 percent. 
In 1936 Golden Delicious made the most growth on types III 
and IY. Again as in 1935 the dwarfing types were stimulated to 
mak© more growth than the more vigorous types. This variety on 
types X, XIII, and XVI made only fair to meager growth. The 
bulge of this variety on types III, IV, and V increased the most 
in relation to the rootstock and the scion. These trees also had 
the largest measured bulges. With this variety on typo X the 
bulge and rootstock grew more than the scion which was slightly 
noticeable in 1935 shows that the bulge and rootstocks were 
beginning to over grow the scion. 
In 1936, the most variable scion was on typo IV of 15.73 ± 1.36 
percent and the least was on type XVI of 12.35 ± 1.04 percent. The 
most variable bulge of this variety was on type IV of 17.21 ± 1.39 
percent and the least was on typo X with 11.95 £ 1.09 percent • The 
most variable rootstock with Golden Delicious on it was type III 
of 18.53 t 1.41 percent and the least was type X of 12.27 ± 1.52 
percent. 
Figure 15 shows that during the season of 1935 Red Spy- 
made good growth on types III, IV, and IX. This variety made 
the least amount of growth on type V. The bulge of this variety 
was larger on types III, IV, and IX. This bulge was the larger 
in relation to the rootstock and soion on types II, HI, and IV. 
This variety grew well on some of the dwarfing typos, but too 
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much faith cannot be placed in this conclusion because we do not 
have this variety on any vigorous rootstocks with which to compare. 
The scion of this variety which showed the most variation 
was on type I of 27 *71 ± 5 *80 percent and the least was made on 
type III of 9.91 * 1.10 percent. The bulge of this variety that 
showed the largest variation was on type II of 19.75 ± 4.3 percent 
and the least was made on type III of 12.23 * 1.36 percent. Root¬ 
stock type V with this variety had the largest variation of 15.48 + 
1.28 percent and the least was made by type III of 11.06 + 1.23 
percent. 
In 1936 Red Spy on types III and IV continued to make good 
growth. Types II and V with this variety fell behind the others. 
The bulge of this variety on types II, III, and IV was the largest 
in relation to the rootstock and scion than it was on the other 
types« This variety on type IV showed the largest bulge of the 
types which made the same amount of growth. Another interesting 
thing that was brought out by the 1936 figures was the bulge of 
this variety and the rootstock on type IX made much faster growth 
than the scion. This showed up slightly in 1935 but was more 
noticeable in 1936 • This may be one of the reasons why type IX 
is a dwarf. 
In 1936 the scions of this variety showed the most variation 
on type IV of 13.83 ± 1.25 percent and the least was type II with 
9.06 ± 1.93 percent. The bulge of this variety showing the most 
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Tanation xraa on typo II of 15.53 ± 3.39 percent and the least 
on type III with 12.12 ± 1*35 percent. The rootstock on which 
Red Spy showed the most variation was type V of 14.65 ± 1.49 
percent and the least variability was made by type II of 
9.93 + 2.13 percent• 
In Figure 16 Mao ora in the s eased of 1935 made about the 
same amount of growth on all rootstock types. Only a fair amount 
of growth was made by this variety as it is rather a slow grower. 
The bulge of Ifecoun was slightly larger in relation to the root- 
stock and scion on types IV and V. 
The scions of this variety on type V showed the largest 
variation 18.54 ± 1.73 percent and the least scion variation was 
on type IV of 11.81 * 1.22 percent • The bulge of this variety 
having the most variation was type V of 16.01 ± 1.38 percent and 
the least was shown on type IV of 10.46 + 1.07 percent. The 
rootstock under this variety having the most variation was type 
XIII of 15.93 + 1.22 and the least was with type IV of 11.05 ± 1.14 
percent. 
In 1936 Ifecoun made the most growth on types V and XIII. As 
with type IV this variety on type V, another dwarfing type, has 
made as good growth as it did with the vigorous types X, XIII, 
and XVI* The bulge of the variety increased the most on types 
IV and Vp type V having the largest bulge. 
In 1936 the scions of this variety that were the most 
variable on type XIII had a coefficient of 11.58 ± 1.00 peroent. 

- 61 
The least soion variation -was shown on type IV of 7.27 + .69 
percent • The bulge of this variety having the largest variation 
•res type IV of 12 #65 + 1.23 percent and the least was on type X 
of 8.72 ± 1.64 percent. The rootstock under Macoun that had the 
most variation was type V of 12.48 £ 1.23 percent and the least 
was with type X with a variation of 8.44 ± 1.02 percent. 
The amount of growth made by Wealthy on types IV and V is 
shown by the following averages in millimeters. 
Wealthy 
1935 1936 
Type IV Type V Type IV Type V 
Scion 6.81 * .17 7.67 ± .21 13.69 ± .22 17.00 + .38 
Union 13.38 £ .26 13.75 ± .32 21.56 i .42 25.25 ± .63 
Rootstock 9.62 * .25 10.58 ± .28 16.69 * .29 22 *06 ± .50 
In 1955 this variety grew practically the same on both 
types, but in 1936 Wealthy on type V made the most growth. The 
growth made on both types was only fair as Wealthy is not a 
vigorous variety. The variety bulge increased the most on 
type V. Up to now in most cases in this discussion, the varieties 
on type IV have made the most growth; but here type V has grown 
more. With this variety, the soion, bulge, and rootstock in 
1935 showed more variation on type V and less on type IV. The 
same holds true also for 1936 * 
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Rhode Island Greening \ras worked in the same way on types 
IV and V and the amount of growth made Is shown by the averages 
in millimeters 
Rhode Island Greening 
1935 1936 
Type IV Type V Type IV Type V 
Scion 9.75 ± .31 9.71 £ .26 18.25 £ .63 17.29 £ .88 
Union 18.86 t .77 17.82 £ .46 53.87 £1.44 30.86 ±1.05 
Rootstock 11.25 ± .39 12.57 £ .38 19.25 £ .67 22.14 ±1.14 
With this variety the situation was different than with 
Wealthy. In both years the scion and bulge of this variety made 
more growth on type IV than they did on type V. Type V rootstock 
in both years made the most growth. In 1936 the bulge of this 
variety on type IV grew the largest of all the trees worked vdth. 
In 1936 this variety on type IV the scion seemed to be 
catching up with the rootstock. This may be an Indication that 
the large bulge is going to let the scion overgrow the rootstock. 
In 1935 the scions and bulges of this variety and rootstock were 
more variable on type IV and less on type V. In 1936 the scion 
variety and rootstock were more variable on type V and less on 
type IV. The bulge was more variable on type IV and less on 
typo V. 
Williams v.-as worked on type IV in 1935. The amount of 
growth made by this variety was small as compared to some of the 




Scion 8.22 ± .21 14.00 ± .35 
Union 14.33 * .28 21.56 ±1.96 
Rootstock 8.79 ±1.41 14.11 ± .37 
The bulge of this variety was only medium in size as 
compared to those of other varieties. The variability of the 
scions and bulges of this variety and rootstock in both years 
varied from 14.09 ± 2.17 percent to 8.72 ± 1.40 percent. 
Red Gravenstein was grown on type IV and the amount of 
growth made is best shown by the following averages. 
Red Gravenstein 
1935 1936 
Scion 10.30 ± .29 15 .40 ± .76 
Union 18.70 ± .73 28 .00 ± 1.30 
Rootstook 12.70 ± .38 18.40 l .83 
The variety bulge grew large in 1936 being third from 
largest bulge grown. The variability in the first year of this 
variety*s scions, bulges, and rootstock was low ranging from 
18.18 ± 2.83 percent to 13.01 ± 1.99 percent. In 1936 these 
trees showed a much greater variation and the scion, bulge, 
and rootstock had coefficients that ranged from 28.12 ± 3.73 
to 25.92 ± 3.40. This variety has shown much greater 
variation in its growth during the second year than any of 
the others worked with. 
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In Figure 17 during the season of 1935 Kendall made the most 
growth on types IV, XIII, find seedlings. This variety on seedling 
roots made more growth than it did on any clonal stook. This 
variety on types V and XVI made less growth. The bulge of this 
variety on type IV and XIII were the largest in relation to the 
rootstock and scion. This variety made the most height growth 
on type IV. In 1936 Kendall on types IV, XIII, and seedlings 
still continued to make the most growth with seedlings growing 
a little more than the others. This variety on types V and XVI 
was still behind in growth. 
The bulge of this variety on type IV was the largest in 
relation to the stock and scion. This variety on other types 
and seedlings the bulge remained in about the same relationship. 
This variety on seedling rootstocks made better growth in both 
years showing that these rootstocks were better adapted to Kendall. 
As with Baldwin, Kendall made poor growth on type XVI. Kendall 
made good growth on type V as was the same with Macoun, Red Spy, 
and Golden Delicious. 
In 1935 the Kendall scion that varied the most was on 
type y Qf 17.14 ± 1.97 percent and the least was type XVI 
of 3.80 ± .29 percent. The Kendall bulge that varied the most 
ms on type V with a coefficient of 17.92 ± 2.09 percent and 
the least variable was on type XVI of 12.85 ± .99 percent. The 
the most variable was type V with 16.44 ± 1.90 
rootstock that was 
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percent and the least was seedling with 14.05 ± 1.60 percent. 
In 1936 the Kendall scion has the most variation on typo 
XVI of 25.99 ± 2.45 percent and the least was on type XIII of 
10.81 ± 1.51 percent. The bulge of this variety varied the most 
on type XIII of 20.81 * 2.99 percent and on type IV of 13.82 + 1.54 
percent. The rootstock that showed the most variation was type V 
of 17.91 + 2.66 percent and that which showed the least variation 
was type IV of 12.70 ± 1.41 percent. 
Milton was grown on type IV in 1935 and 1936 and it made only 
y 
fair growth as this variety is not a vigorous one. The amount of 
growth made can best be shown by the following figures# 
Milton 
1935 1936 
Scion 8.71 ± .27 15.36 ± .49 
Union 14.93 + .39 23.2© ± .59 
Rootstock 11.00 + .36 18.14 ± .62 
The bulge of this variety in both years was small in 
relation to the rootstock and scion. 
The variability of Milton scions, bulges, and rootstock 
types for both years ranged from 19.07 ± 2.52 percent down to 
14.08 t 1*82 percent. 
Root Systems 
When the trees were dug fVom the nursery a typical tree 
was picked from each group. Later these trees were photographed 
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to show the typo of growth mad© by the root system. These 
pictures will also give more evidence to substantiate what 
• 
has been said about the scion, union, and rootstock. With 
this series of photographs the root systems will be disoussed 
snowing the coarse lateral roots and the fibrous roots that 
may be expected when common .American apple varieties are grown 
under the climatic moisture, and soil conditions as we had in 
this nursery. Extra long roots were pruned off and comment 
will be made on them later. The first plate starts with the 
varieties on type I rootstock. 
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Boldwin 
k 
Me tntosh Storking 
Rootstock I 
Golden 
Plate 1. This plate shows the uniformity of the amount of fiber that 
occurred on Baldwin, McIntosh, and Golden Delicious. Starting had a 
smaller amount of rather coarse fiber • Starting had five strong 
coarse lateral roots where the others had only two to three at the 
most. McIntosh and Baldwin made good-sised trees on this rootstock. 
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r 1 
Baldwin Me Storking Golden Red Spy 
^ Intosh Del. a 
Rootstock 3 
Plat© 2. Baldwin on type III had a good amount of fin© fiber and 
only one coarse lateral root. McIntosh had a good amount of coarse 
fiber and no lateral root. Starting. Golden Delicious, and Rod Spy 
had small amounts of coarse fiber and many coarse lateral roots. Bote 
the good growth made by Golden Delicious and Red Spy on this rootstock 
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Plat© 3. LSsIntosh on type IV had quit© a few fin© to coarse fibrous 
roots with three good coarse lateral roots# All varieties had little 
fiber but many coarse lateral roots were present. The type of bulge 
made by Baldwin can be seen. Baldwin and Golden Delicious made 
•very good trees on this rootstock type# 
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Plate 4. The systems of these trees showed small amounts 
of coarse fiber, but many strong lateral roots were present. 
Red Spy and Macoun made good growth on this rootstock. 
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Plate 5. As with the other varieties on this rootstock type there 
were many coarse lateral roots and only a few coarse fibrous roots. 
Note the coarse fibrous roots on Rhode Island Greening. Red 
Gravenstein and Rhode Island Greening were sprawling but made good 
growth. The bulges of these two varieties should be noticed as they 
are representative of the two groups having the largest bulges. 
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Plate 6. Baldwin, McIntosh, Starting had a good amount of coarse fiber 
and only a few coarse lateral roots were present# Golden Delicious had 
some fine fibrous roots present but there were two good strong lateral 
roots present. Note the tap root with Golden Delicious which went down 
into the soil. All of these trees made only a fair amount of growth 
and Golden Delicious made poor growth as compared with this variety on 
type IV. 
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Red Spy Macoun Kendall Wealthy R. I. 
Greening 
Rootstock A 
Plate 7* On these trees only a few coarse fibrous roots were present, 
but many good strong lateral roots were present. With this rootstock 
type the fiber seemed to vary with the variety that was grown on it. 
Hote the good growth made by Red Spy, Macoun, and Wealthy, and the 
poor growth made by Kendall and Rhode Island Greening. 
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Baldwin Me Intosh Starking Golden Macoun 
Del. 
Rootstock 10 
Plate 8* These "trees showed a medium amount; of fine a.nd coarse 
fiber containing more fiber than was present on most of type V 
trees. Starking had the least fiber. All trees except a&coun 
contained strong lateral roots. Note the good growth made by 
Baldwin, McIntosh, and Starking on this type. 
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Plat© 9# The root system of these trees except for McIntosh con¬ 
tained only a few coarse fibrous roots# McIntosh contained many 
coarse fibrous roots. A fair amount of growth was made by these 
trees. 
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Plat© 10. Baldwin, McIntosh, Starting had a good amount of fiber. 
The fiber on Baldwin was fine and on the other varieties it was 
coarse. Golden Delicious had the least amount. All trees except 
Golden Delicious had few strong lateral roots. Golden Delicious 
had many good lateral roots. All the varieties made good growth 
on this rootstock. 
Baldwin Me Intosh Storking Golden 
Del. 
Rootstock 
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Baldwin Me Intosh Starting 
Rootstock 15 
Plate IX. These trees contain only a small amount of coars# fiber, 
but most -varieties except McIntosh had strong lateral roots. 
McIntosh had many small lateral roots. Note the large growth made 
by Baldwin, the largest growth made by this variety on these stocks 
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Plat© 12* Baldwin contained no fib roue roots* flio other trees 
shown hero had a snail amount of coarse fibrous roots. All 
varieties had coarse lateral roots. All varieties except Baldwin 
made good growth. 
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Observation of the Fiber on Root Systems 
When the nursery trees were dug, each group as a whole was 
studied as to the amount and type of fibrous roots it contained. 
These observations were tabulated in Table V. 
All varieties on types XV and XV stood out as containing only 
a few coarse fibrous roots . These varieties on types I, II, XII and 
XIII contained the most of both fine and coarse fibrous roots. All 
varieties on other types were intermediate in the amount of fiber 
they had, varying slightly with the particular variety concerned • 
The root systems were also observed for length and amount of 
coarse lateral roots they had, and how the trees dug out of the 
ground. These notes will be given. No notes were taken for 
Baldwin on any rootstock type. The first variety then ms McIntosh. 
McIntosh on type III had no long roots and only occasionally ms 
there a lateral root over two feet long, 
lifclntosh on type IV. The top did not seem to make a good growth 
on this root system. 
McIntosh on type V. The root system seemed to be abound or cylin¬ 
drical • 
0 
McIntosh on type XII. These trees had good anchorage with the 
roots penetrating deeply into the soil and they were 
dug with difficulty. 
McIntosh on type XIII. Very few lateral roots were over three 
feet long. 
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TABLE V 
Observations of the Fiber on Root Systems Wien Dug in 1936 
Varieties 1 2 3 4 6 9 10 12 13 15 16 Seedling 
. ' ' . 1 ' " ' ' ' U4JJJU.-UU.1. ii 
Quite 
Baldwin Much and fibrous Few and Many and Few and 
very fine and very coarse coarse fine 
fine 
Very few Much Few Rone 
and and very and 
coarse fine coarse 
branching 
Quite Quite Quite 
Mjlntosh fibrous fibrous Many and Many and fibrous 
and very and coarse coarse and 
fine coarse coarse 
Many and l&ny and Few and Some and 
coarse coarse coarse fine 
Quite Very few 
Starving Some and Some and Some and fibrous to same 
coarse coarse fine and and 
coarse coarse 
Quite Quite Very Quite 
fibrous fibrous few and fibrous 
and coarse and 
coarse coarse coarse 
Quite Quite Quite 
Golden fibrous Some and Some and fibrous fibrous 
Delicious and fine coarse coarse and and medium 
fine coarse 
Quite 
fibrous Some and 
and coarse 
coarse 
" "Quite" " 
Red Spy Quite Many and fibrous Same and Some 
fibrous coarse and fine 
coarse 
-- ' ' “Quite Quite 
^coun fibrous Some and fibrous 





Wealthy and 8114 
coarse coarse 
Rhode '' Some Quite 
Island a»d , fibrous 
Greening coarse and coarse _ 
- -—~ Some 
Red and 
Grovenstein coarse ....—— — — 
——-—- Some 
Williams and 
coarse _. _ 
Kendall and and 
coarse coarse 
Viux v© i x D-* 
Many rous and Very 
coarse few 
1 —-* ~~ Quite fib- 





Ifolntosh on type XVI. These trees dug the hardest of any trees 
in the group. 
Starting on type I# A good proportion of the lateral roots -were 
over tv/o feet in length* 
Starting on type IV. Many of the roots -were over two foet in 
length• 
Star king on type X. A considerable number of the roots were over 
three feet in length. 
Starting on type XII. Several roots were over two feet in length. 
Starting on type XIII* Few roots ever two feet long* 
Starting on type XV. Contained only a medium number of long roots* 
Starting on type XVI* Many long roots were observed and seme were 
over three feet long* 
Red Spy on type III* Was observed as having a fair root system con¬ 
sidering the rootstock# 
Red Spy on type IV. Had a fairly well developed root system with 
numerous long roots• 
Red Spy on type IX. Had a very scanty root system which was infected 
with crown gall more than any of the other rootstocks* 
Golden Delicious on type I. Lateral roots were very short, mostly 
under one foot in length* 
Golden Delicious on type III. Had many strong roots which were 
over two feet long 
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uolden Delicious on -type IV • The root system -was considered pretty 
good containing many roots that were over two feet long 
but anchorage was rather weak as some of these trees blew 
over in a storm just before they were dug* 
Golden Delicious on type V* Very few roots were over two feet long, 
most of the roots were short. 
Golden Delicious on type X. Contained many roots over two feet long* 
Golden Delicious on type XIII* Had a poor root system containing 
only a few large, long, and slender roots* 
m 
Macoun on type IV. Contained same medium length roots* 
Macoun on type X • Had five slender roots which were quite long • 
Kendall on type IV. The root system was good but shallow and lateral* 
Kendall on type XIII* Had a fair root system* 
Vfealthy on type IV. The root system had one long root which grow 
Laterally a long distance from the tree. 
Wealthy on type V* Dug very hard as the roots had a tendency to go 
straight down into the soil* 
Rhode Island Greening on type IV. Roots were long and slender going 
to a medium depth in the soil* 
Red Gravenstein on type IV • Roots were large, shallow, and in¬ 
clined to be rather extensive* 
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Williams on type IV. Contained a rather small but v;ell distributed 
root system# 
Kllton on IV # Had a fair root system with a tendency of large roots 
to grow laterally# 
Root Size 
In the discussion of materials and methods mention was made 
of measuring the size of the roots which were over three millimeters 
in diameter. The averages of these roots were obtained for each 
group of trees and arranged in Table VI# 
Pram Table V the figures show that all varieties on type I, IV, 
X, XXI, XV, and XVI had average diameters that were up to five milli¬ 
meters and over in most cases# All varieties on type III, V, and 
XIII had smaller average diameters* Red Spy on type II had a small 
average but on typo IX had a good average of nearly five • Baldwin 
on type XIII and XVI had a larger average than did this variety on 
type XV which made the most top growth of all the varieties. These 
varieties on the more vigorous types of rootstocks did not have 
average root diameters that were appreciably larger than those on 
the dwarfing types# 
In Table VII the average diameter of roots has been arranged 
by rootstock types according to the size which they grew* 
Most of the varieties on type XVI made the best root diameter 
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TABLE VII 
Rootstocks Arranged in Descending Order of the Average 
Diameter of Root Growth Made by Mailing Rootstock 
Types in the Nursery in 1936 
Rootstocks 
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 
Baldwin 13 16 10 1 12 6 15 4 3 
McIntosh 16 15 10 4 1 12 13 5 3 
Starking 1 10 1 12 15 16 5 13 3 
Golden Delicious 16 4 10 5 3 13 1 
Red Spy 4 9 3 5 2 
Ifecoun 16 13 10 5 4 
Kendall 16 ♦ 13 4 5 
* m seedling roots 
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cases. These varieties on types I, IV, XII, XIII had medium 
root diameters • The varieties had small diameter growth on types 
III and V • The varieties on the more vigorous types had the 
larger coarse lateral roots in their root systems. 
Humber of Roots 
At the same time the root diameters wore measured the number 
of roots over three millimeters in size were recorded. The 
averages were figured and placed in Table VIII. 
From Table VIII it will be noted that the varieties on type 
IV had the largest average number of roots and varieties on type 
III had the smallest average number of roots. On type' V Baldwin, 
McIntosh, Starking, Golden Delicious, Red Spy had a small average 
number. Hacoun, Wealthy, and Rhode Island Greening had a large 
average number showing that these varieties grew well on these 
dwarfing types as IV and V. Seedling rootstocks under Kendall 
had the largest average number of roots of ary rootstock used. 
Again the average number of roots were arranged by types 
according to the average number present. These are shown in 
Table IX. . 
From Table IX the varieties on type IV had the largest 
average number of roots occurring more frequently in first and 
second places. All varieties on type XII were next and the 
varieties on type X had only a fair average number. Varieties 
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Rootstocks Arranged in Descending Order of the Average Number 
of Roots Per Tree on Mailing Rootstock Types in 
the Nursery in 1936 
Rootstocks 
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 
Baldwin 12 IS 16 '16 4 n 1 5 3 
McIntosh 12 4 10 16 13 15 5 5 1 
0 
Starting 16 4 12 1 13 10 15 3&4 
Golden Delicious 4 3 10 13 5 1 16 
Red Spy 4 5 3 2 9 
Maeoun 5 10 13 4 16 
Kendall * 13 4 6 16 
♦ * seedling roots 
types I, III, and XIII had a small average number of roots* In 
most cases here the varieties of vigorous rootstock types had 
larger average number of roots than they did on the dwarfing types. 
Anchorage of Orchard Trees 
When the trees -were dug frem the nursery it -was noted that 
some had better anchorage than others« A rain and wind storm 
occurred just before digging and seme of the trees blew over due 
to their shallow root system. Mature trees of Wealthy and McIntosh 
were available on the same clonal rootstock types as worked with in 
the nursery. This gave an opportunity to make observations in the 
spring of 1938. The anchorage of the trees was tested try shaking 
or moving the tree by man power. The observations were recorded 
and tabulated in Table X. 
These two varieties on dwarfing types had poor to very poor 
anchorage, and many of the trees were held up by supports. Large 
trees on types IV and V had to be supported in seme cases. The 
more vigorous rootstock types with both varieties had fair to good 
anchorage. Varieties on seedling and own rooted trees had good 
anchorage• 
At this same time these trees were observed as to the bulge 
they might have. On most of the trees the rootstock over grew the 
scion and no noticeable bulge was observed at the union, but a few 
instances differing from the above general rule and these will be 
given here# 
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TABLE X 
Observations of the Anchorage ot 
Orchard Trees in Block D in Spring of 1938 
McIntosh Wealthy 
I Fair to Weak 
good requires 
supports 
II Very Very 
Poor poor 
III Poor Poor 
17 Fair to Very 
poor weak 
7l Poor to Poor to 
very weak: very weak 
IX Poor Poor 
requires requires 
supports supports 




XII Good Fair 
XIII Fair to Poor to 
good good 
XV Fair to Fair to 
good good 
XVI Good Good 






McIntosh on -type II. The rootstock over grew the scion with a 
good sized bulge at the union# 
I 
Kclntosh on type III# The scion over grew the rootstock with a 
considerable bulge at the union. 
McIntosh on type IX# The rootstock over grew the scion with some 
bulge at the union. 
McIntosh on type XII had same large trees where the scion and bulge 
were slightly larger than the rootstock. These trees were 
m 
growing well and the over growth was not enough to do any 
ham# 
Wealthy on type I# In sane eases the scion grew larger than the 
rootstock with a large bulge at the union# 
Wealthy on type II # The rootstock over grew the scion with a good 
sized bulge at the union. 
Wealthy on type III • Rootstock over grew the scion with quite a 
bulge at the union. 
Wealthy on type IV# Sad some bulge at the union, but the stock 
over grew the scion. 
Wealthy on type IX. The rootstock over grew the scion, but with 
a large bulge at the union* 
Growth and Yields 
After studying the trees in the nursery same evidence should 
be presented to shew what kind of growth and yield may be expected 
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from those nursery trees after they were planted in the orchard# 
Unfortunately only two varieties, McIntosh and Wealthy, have been 
grown to bearing age on these clonal rootstocks# The diameter in¬ 
crease is a good measure of growth made# 
First the diameter increase of McIntosh will be discussed# 
The amount of diameter increase of McIntosh on the various root- 
stock types over a period of nine years is tabulated in Table II# 
McIntosh on the vigorous types from X to XVI and including 
seedlings and own rooted trees made good continuous increases over 
the entire period. Looking at the total increases it will be 
noticed this variety on type XII made the most increase# McIntosh 
on vigorous types, seedlings, and own rooted trees made large in¬ 
creases • Note also that type IV was third maintaining well its 
start made in the nursery but dropping off some in the last two 
years. McIntosh on type I did well also. This variety on type I 
and IV drop off a little in the amount of increase they made in the 
last few years because they came into heavy bearing. This variety 
on dwarfing types made little total increase and during some years 
hardly any increase was made. 
Now we will turn to the yields of these trees which are in¬ 
cluded in Table XII. 
Again McIntosh on vigorous types from X to XVT, seedling and 
own rooted trees gave the most yields with the variety on type XVI 
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second in yields showing that yields as the good made in the 
nursery are maintained# McIntosh on type I has made good yields 
shewing that this type makes the soions of this variety yield well 
as growing well. This variety on dwarfing types made poor total 
yields and in sane years no yields at all. Even type IX which was 
supposed to have made a variety produce heavily in the first few* 
years after planting lias produced poorly as compared to the other 
vigorous types# 
healthy trunk increases on the same rootstocks were arranged 
in Table XIII# 
From Table XIII Wealthy on vigorous rootstock types from X to 
XVI made good increases and this variety on type XVI making the most 
growth# Seedling rootstocks and own rooted trees did not may*, the 
Yfealthy scions grow as much as did the vigorous types. Wealthy on 
type IV and V made good growth. This variety on dwarfing types made 
poor growth on types I, III, end IX. The yields for Wealthy on the 
different rootstocks are shown in Table XIV. 
From Table XIII Wealthy on the vigorous rootstock types from 
X to XVI made good yields with this variety on type XVI making the 
most# Seedling rootstocks made Wealthy yield more than did 
vigorous types X, XIII, and XV. Wealthy on its own roots made 
slightly less yields than it did on vigorous types. Wealthy on 
type XV made good yields being next to this variety on type XVT. 
This variety on types II and V made fair yields also. Type II with 
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was made. Type I made this variety yield poorly hut it made 
Sfclntosh yield well. The other dwarfing types made this variety 
yield poorly. Type IK with this variety did show the most yields 
in the first years after planting. 
Discussion 
In this work an attempt lias been made to show how the common 
American apple varieties grow on I5ast Mailing rootstocks in the 
nursery here at Amherst. In drawing conclusions from this work 
certain things should be taken into consideration. First the 
variability of the soil. The nature and type of soil have much to 
do with growing nursery trees • This particular piece of land was 
all of the same soil type, but variable in its drainage as a drain 
runs down through the center of the piece draining orchard land 
above. This may account for some of the large trees that were 
grown under these particular conditions which would not have been 
grown otherwise • 
The differences caused by growing Golden Delicious, Red Spy, 
and I&coun on these clonal rootstocks was interesting. The dwarf 
typos seemed to be 31insulated by these varieties and made to grow 
as well as the vigorous types ’with other varieties. Whether the 
good growth of these varieties in the first two years on dwarfing 
types will be maintained in later years will only be found by 
watching these trees as they mature in the orchard. 
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The figures for 1935 should be taken with caution as most 
varieties got a good start because the root systems were much larger 
than the top. Therefore, in this year all varieties would tend to 
make a unziona start. The figures for 1936 are more reliable beoause 
the root system and top had approached a balance and the trees grew 
more normally showing differences that were manifested by the natural 
growth made by their root systems • 
The calculated averages of height and diameter measurements were 
significant between the varieties on the types making the least and 
the most growth. The averages occurring between the smallest and the 
largest were just significant in same cases and not significant in 
many others. The differences shown here are small as the trees were 
young and small differences are hard to detect. As the trees grow 
older these differences will become more evident. 
The figures for the average number and size of roots show small 
differences, these slight differences may become large when the trees 
grow older. In most cases the figures are not significantly different. 
The variability of the figures in most cases was well within the 
range of experimental error averaging from 10 percent or below to 20 
percent. The outstanding high cases of variability were first the Red 
Spy scions on type I in 1935 of 27.71+5.80 percent. The other case was 
with scions, unions, and rootstocks of Red Gravenstein in 1936 becoming 
quite variable since 1935. The coefficients ranged from 28.12-3.75 per¬ 
cent for the scion to 25.92 - 3.40 percent for the rootstocks. This • 
f 
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shows that Red Gravenstein could be expected to vary a great deal 
after the first year* 
Tne amount of fiber of different root systems was particularly 
noticeable with different clonal types • In most cases the amount of 
fiber contained on the root systems grown with our varieties and under 
our conditions agree fairly well with the amount of fiber contained 
on the same rootstock types with Bramley*s seedling and Worcester 
Pearmain under English conditions, but a few differences stood out, 
and these will be listed# 
m 
Rootstock At East Mailing with English At .Amherst with our varieties 
types varieties 
IV Fair amount of fiber Very little fiber 
V Some fiber around root system Same fiber with some varieties 
and none with others 
X Large amounts of fiber Medium amount 
XIII Moderate to little fiber Large amounts 
XV Bromley*s Seedling had large Very little 
amount of fiber near the stem# 
Worcester Pearmain had very 
little 
The anchorage of orchard trees agreed fairly well with results 
coming from England# Type IX had to be supported by stakes in England 
and it does at Amherst. The trees on dwarfing types as II, III, IV, 
and V have weak anchorage and in many cases have to be supported# The 
trees on vigorous types had good anchorage # 
» 
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The growth and yields made by trees on vigorous rootstock 
types were much more than those made by trees on dwarfing types* 
The bulge was unusually large with Rhode Island Greening and 
Red Gravenstein on type IV* Most other varieties on type IV had 
large bulges in relation to the growth made • With other varieties 
and other types the size of bulge increased or decreased according 
to the amount of growth made* Fran the American nurseryman’s point 
v 
of view the more vigorous lulling rootstock -types would produce 
good trees particularly with Baldwin, McIntosh and Starking* 
Dwarfing types I and IV would produce good nursery trees with 
these varieties also* Golden Delicious, Red Spy on dwarfing types 
III and IV ms.de good nursery trees. Rhode Island Greening, Red 
Gravenstein, and Kendall also made good nursery trees on type IV. 
With these last varieties mentioned, on the dwarfing types, it is 
a question as to whether they will make good orchard trees * Judging 
from the way McIntosh and Wealthy have performed on type IV and V 
here at Amherst good semi-dwarf trees would be produced but with 
poor anchorage* The yields would be good and a tree of good size 
which is easy to work around with orchard equipment would be produced. 
From the orchardist’s standpoint varieties on the more vigorous 
types would be more acceptable than dwarfing types. Varieties on 
vigorous rootstock types produce trees about the same size but are 
slightly larger th*n those grown on their own roots and seedling 
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rootstocks. Trees on the vigorous rootstock types yield well, 
and they do not need any supports to hold them up. For our con¬ 
ditions in America we need trees like these. Although at the 
present there is much sentiment among fruit growers to cut down 
these old large trees and plant smaller ones to take their place 
and to cut the cost of orchard management. Thus the serai-dwarf 
trees on types I, IV, and V with such varieties as Golden 
Delicious, McIntosh, Rhode Island Greening, Red Spy, Red Graven- 
stein, and Kendall majr come of some use. 
Conclusions 
m 
From studies reported here of seme common American apple 
varieties grown on ^felling clonal rootstocks in the nursery as 
indicating the kind of trees that may be expected in the orchard, 
the following conclusions are drawn* 
/ 
1. Common American apple varieties budded slightly better on 
the vigorous types of Mailing clonal rootstocks than on the dwarfing 
types. 
2. The height measurements of the first year’s growth show 
that Baldwin made good growth on vigorous Mailing types X, XII, 
XIII, XV and dwarfing type IV, and this variety made poor growth 
on dwarfing types I, III, and V. McIntosh and Starking grew well 
on vigorous types XII and XVI and on dwarfing type IV. These two 
varieties grew fairly well on vigorous types X, XII, XV and 
dwarfing type I. These two varieties made poor growth on dwarfing 
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type III. Golden Delicious made good growth on dwarfing types III 
and IV, and it grew poorly on the other vigorous and dwarfing types* 
Red Spy grew much the same as Golden Delicious* Kendall grew well 
on dwarfing type IV on vigorous type XIII and seedlings, and poorly 
on dwarfing type V and vigorous type XVI* Macoun grew poorly on 
dwarfing and vigorous types as compared to other varieties, and 
especially poorly on vigorous types X and XVI* 
3* The diameter measurements for 1935 and 1936 show that the 
growth made was in the same order as that given in the above para¬ 
graph* In 1936 or the second year of growth the differences were 
more easily distinguishable • 
4* The bulge of all varieties was largest in relation to the 
rootstock and scion on type IV and was greatly increased in the 
0 
second year of growth. Rhode Island Greening, Red Gravenstein, and 
Baldwin had the largest measured bulges on type IV. Starking made 
large bulges on type X and XII. The si2© of bulge was controlled by 
the vigor and amount of growth made by the trees* 
5. All varieties had a good amount of fibrous roots in their 
root systems on dwarfing types I, III, V, and vigorous type XII. 
These varieties had little or no fiber in their root systems on 
dwarfing type IV and vigorous types X, XV, and XVI. 
6* All varieties on dwarfing types I and IV and vigorous types 
X, XII, XV, and XVI had the larger roots. These varieties on 
dwarfing types III and V and vigorous types XIII had smaller roots# 
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7 • All varieties on dwarfing type IV had the largest number 
of roots* These varieties on vigorous types X, XII* and XVI had a 
medium number of roots • These varieties on dwarfing types I and 
III and vigorous type XIII had a smaller number of roots • These 
varieties on vigorous types had slightly larger number of roots* 
8. Observations showed that McIntosh and Wealthy on the 
vigorous rootstock types had the better anchorage* These varieties 
on the dwarfing types had poor anchorage* 
% 
9* Observations of the bulge on orchard trees showed that in a 
few cases the McIntosh trees on type XII had a very slight bulge and 
the scion overgrew the rootstock* Wealthy on type I in many cases 
had scions and bulges that over grew the rootstock. Yfith both 
varieties on most of the dwarfing types except IV and V the root- 
stock over grew the scion with quite a large bulge at the union* 
Both varieties on vigorous types over grew the scion slightly with 
little bulge at the union* 
10. Study of the McIntosh and Wealthy growth on these clonal 
rootstocks over a period of ten years showed larger diameter in¬ 
creases on vigorous types X, XII, XIII, XV, and XVI* With McIntosh 
dwarfing types I and IV made good diameter increases* Wealthy on 
dwarfing types III and IV made good diameter increases* 
11 * The study of the yields of McIntosh and Wealthy trees on 
these clonal rootstocks types over a period of six years showed 
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that these varieties on the more vigorous types yielded more 
than the dwarfing types. McIntosh trees on dwarfing types I 





1* Anthony, R. D. and Yerkes, G. E. The Influence of Clone 
Roots on the Variability of Young Apple Trees • Proc • 
Amer. Soc • Hort. Sci • 25: 169*171 • 1928. 
2. Amos, J., Hatton, R. G. and Hoblyn, T. N. The Effect of 
Scion on Root, II. Stem Yforked Apples. Jour. Pam. & 
Hort. Sci., 8: 248*259. 1930. 
The Response of Apple ‘free on Known Rootstocks to Applica¬ 
tions of a Complete Fertilizer. Annals of App. Biol. 17, 
No. 3: 657-674. 1930. 
4. Bailey, J. S. Effect of Stock on Scion. Mass. Agr. Expt. 
Sta. Bui. 226: 27-31. 1926. 
5. Bane, W. A., Beard, F. H. and de Wit, A. F. A Comparison 
of the Root Systems of Mature Trees of Bramley^ Seedling 
and Worcester Pearmain of Various Rootstocks. East 
Mailing Res. Sta. Ann. Rpt. 1934: 90-95. 1935. 
6. Beach, S. A. The Apples of New York, J. B. Lyon Company, 
printers, Albany, New York. Vol. I, 56-60, 229-233; 
282-286; Vol. II. 84-87, 132-134, 180, 236-238, 242-244. 
1905. 
7. Beakbane, A. B. and de Wet, A, F. The Root System of Sam© 
Bramley’s Seedling Apple Trees. East Mailing Res. Sta. 
Ann. Rpt. for 1934: 87-89. 1935. 
8. Bradford, N. C. and Sitton, B. G. defective Graft Unions 
in the Apple and the Pear. Mich. Agr. Expt. Sta. Tech. 
Bui. 99: 3-106. 1929. 
9. Brase, Karl D. and Tukey, H. B., The Relation Between the 
Size of Apple Seedling Rootstock and Size of Orchard Tree. 
Proc. Amer. Soc. Hort. Sci. 34: 298-304. 1937. 
10. Bunyard, E. A. The History of the Paradise Stocks. 
Journal of Pom. and Hort. Sci. Vol. I. 166-176. 1920. 
,, ___ Apples on Metz 
Paradise Stocks. Gard. Chron. (Lond.) 86: 367. 1929. 
12. Chandler, W. H. Fruit Growing. Houghton Mifflin Company, 
100-106. 1925. 
107 
13 • Chang, Wen-Tsai. Studies in Incompatibility Between Stock 
and Scion, with Special Reference to Certain Deciduous Fruit 
Trees. Reprinted from "Jour, of Pom. and Hort. Sci.," 
Vol. XV, No. 4, 267-325. 1938. 
14. Frampton, A. M. Preliminary Report on the Incidence and 
Control of Apple Scab and Apple Mildew. East Billing Res. 
Sta. Ann. Rpt. for 1927. II. Supplement 96-107. 1928. 
Rootstock Influence in 
Fruit Growing. Int. Rev. Agr., Pt. 1, fctonth. Bui. Agr. 
Sci. and Pract. 21 (5)* 157-160. 1930. 
16. Gardner, F. e. and Yerkes, G. E. The Size of Apple 
Seedlings in Relation to the Growth of the Scion Variety. 
Proc. Amer. Soo. Hort. Sci. 27* 131-155. 1950. 
17 • and Lincoln, F. B • Factors Influencing 
the Variability of Apple Trees in the Nursery Row. 
1 - Time of Bud Start. Proc. Amer. Soc• Hort. Sci. 29* 
367-370. 1932. 
18. Gardner, V. R., Bradford, F. C. and Hooker, H. D. Funda¬ 
mentals of Fruit Production. McGraw-Hill Book Company, 
First Edition, 579-580. 1922. 
19. Grubb, N. H. An Analysis of the Effect of Potash Ferti¬ 
lizers on Apple Trees at East lulling* Jour. Pom. and 
Hort. Sci. 7* 32-59. 1928. 
20. Hatton, R. G. Paradise Apple Stocks. Jour. Roy. Hort. Soo. 
42* 361-399. 1917. 
21. A Summary of the 
Results Obtained in Selecting and Propagating Paradise 
Stocks. Reprinted from a series of articles which appeared 
in "The Gardeners* Chronicle", "The Fruit Grower" and "The 
Fruit Trade’s Journal." 1-15. 1919. 
22. Suggestions for the 
Right Selection of Apple Stocks• Jour. Roy. Hort. Soc. 
45* 257-268. 1920. 
23 m Results of Researches 
on Fruit ^ree Stocks. Jour. Pom. and Hort. Sci. 2* 1-10. 
1920. 
- __ Summary of Research 
Program and Results to bate. ETTTpt* East lulling Res. 
Sta. 1922, Sect. III. 20-25. 1922. 
_The Influence of 
Rootstock upon Tree EridtsT Reprinted from The Fruit 
Grower, Fruiterer, Florist, and Market Gardener. 1 - 12, 
1923. 
_ __Apple Rootstocks, 
Their Particular Suitabilities forHEifferent Soil, 
Varieties, and Purposes. Ann. Rpt. East filing Res. Sta. 
1925* 46-52. 1926. 
__ Characteristics and 
Suitability of the So-called “Paradise” Stocks. Ann. Rpt. 
East Mailing Res. Sta. 1926* 47-50. 1927. 
__ The Influence of 
different Root stocks Upon" bhe Vigor and Productivity of 
the Variety Budded or Grafted Thereon. Jour. Pom. and 
Sort. Sci* 6* 1—28. 1927. 
The Influence of 
^egetativoiy -'^aised RootstockG Upon the Apple with Special 
Reference to the Parts Played by the Stem and Root Portions 
in Affecting the Scion. Jour. Pom. end Hort. Sci. 9: 
265-277. 1931. 
__East Mailing’s 
Experience Witb Apple 'Rootstocks• East Mailing Res. Sta. 
Ann. Rpt. 1934, Sect. IV: 223-228. 1935. 
Apple Rootstock 
Studies"Effect of Layered Stock Upon the Vigor and Cropping 
of Certain Scions. Jour. Pam. and Hort. Sci., Vol. 13, 
No. 4* 298—350. 1935. 
, Amos, J., and Witt, A. W. Some 
iVoblems "of Propagation. Part I. Ann. Rpt. East Mailing 
Res. Sta. 1923: 100-109. 1923. 
, Grubb, N. E. and Amos, J. Some 
Factors Influencing Root Development. Ann. Rpt. East 
Mailing Res. Sta. 1923* 110-119. 1923. 
, and Grubb, K. H. Field Observations 
^^bhe^iold^cen^Leaf Scorch upon the Apple. Jour. of 
Pom. and Hort. Sci., Vol. TV., No. 2, 65-77. 1925. 
• 109 - 
35• Haut, I• C• and Schrader, A. L. Comparison of Hoot 
Development of Clonal and Seedling Understock With Apple 
Varieties Under Orchard Conditions, Proc. Amer. Soc. 
Hort. Sci. 34: 314-318, 1937. 
36. Hedrick, U. P, New or Noteworthy Fruits, New York Agr. 
Expt. Sta. Bui. No. 364* 180-181. 1913. 
37. Hedrick, U. P. Dwarf Apples. New York Agr. Expt. Sta. 
Bui. No. 406* 341-368. 1915. 
38. New or Noteworthy 
Fruits,Vi. New Vork Agr. Expt. Sta. Bui. No. 497* 
5-7. 1923. 
39. New or Noteworthy 
Fruits, Vli. '[few York Agr. fexpt• Sta. Bui. No. 514* 
4—6. 1924. 
40. _ New Or Noteworthy 
Fruits• New York Agr. fexpt. Sta. Bui» No. 531 * 7. 
1925. 
41. Hoblyn, T. N. and Bane, W. A. Apple Manurial Trials. 
Ann. Rpt. East Mailing Res. Sta. 1933: 58-85. 1934. 
42. Howe, H. New or Noteworthy Fruits, XI. New York 
State Agr. Expt. Sta. Bui. No. 620* 9-10. 1933. 
43. Latimer, W. J. and Smith, Soil Survey of Hampden and 
Hampshire Counties, Massachusetts, Bureau of Chemistry 
nr>r? Soils in cooperation with the Massachusetts Depart¬ 
ment of Agriculture. No. 25 Soil Map and 26-27, 51. 
1928. 
44. Le Pelley, R. H. Studies of Resistance of Apple to 
Woolly Aphis. Jour. Pom. and Hort. Sci. 6 * 209-241. 
1927. 
45. Love, H. H. Application of Statistical Methods to 
Agricultural Research. The Ccmmercial Press, Limited, 
Shanghai, 83—88, 238—240. 1936# 
. IJassee, A. M. The Resistance of Apple Stocks to Attacks 




47. Moore, M. H. The Incidence and Control of Apple Scab and 
Apple Mildew at Mast Mailing• Jour• Pom. and Hort« Sci. 
8s 229-247. 1930. 
48. ^ Tho Incidence and 
Control of ft.ppio Scat and Apple Mildew at Mast Exiling. 
Jour. Pom. and Hort. Sci. 8* 283-305. 1930. 
49. Prayag, S. E. The Influence of Stock and Scion and Their 
Relation to One Another. Agr. Jour. India 15* 533-542. 
1920. 
50. Proebsting, E * L. Structural Weaknesses in Interspecific 
Crafts of Pyrus*B Bot. Gas. 82s 336-338. 1926. 
51* ____ Further Observation 
on Structural ue foots of Graft Unions . Bot. Gas • 86 s 82-92. 
1928.' 
52. Roach, ¥. A. The Chemistry of the Rootstock-Scion Effect. 
Ann. Rpt. East Mailing Res. Sta. 1928, 1929 and 1930. 
II Supplement 101-110. 1931. 
53. Roberts, R. E. Factors Affecting the Variable Growth of 
Apple C-r&ft in the Nursery Row. Wis. Agr. Expfc. Sta. 
Res. Bui. 77s 1-15. 1927. 
54. Further Rotes on 
Aople Stocks. IProc• Amor• Soc• hort. Sci. 24s 134-136. 
1927# 
Same Stock and Scion 
Observations on Apple Trees. Wis. Agr. Bxpt. Sta. Res. 
Bui. 94* 1—39. 1929. 
Two More Seasons. 
Note8 t'pon Stocks"and Scion jkoiafaons. Proc. Arner. Soc# 
Hort. Sci. 27s 102-105. 1930. 
57. Rorers, W. S. Rootstock Effect on Color, and Size of 
Apples. Ann. Rpt. Bast Mailing Res. Sta. II* Supplements 
16-32. 1927 # 
68. Rogers, W. S. and Vyvyaa, M. C. *he Root Systems of Some 
Ten Year Old Apple Trees on Two Different Roots .oc.es, and 
Their Relation to Tree Performance. Ann. Rpt. Bast 
Lulling Res. Sta. II. Supplements 31-43. 1928. 
- Ill 
59# Rogers, W. s. and Vyvyan. Root Studies: Rootstock and 
Soil Effects on Apple Root Systems. Jour. Pcaa. and Hort. 
Sci. 12: 110-150. 1934, 
50. Sass, John E. Formation of Callus Knots on Apple Grafts 
as Related to the Histology of the Graft Union. Hot. Gas. 
94 (2): 364-380. 1932. 
61. Shaw, J. K. The Mailing Clonal Stocks in Relation to 
McIntosh and Wealthy. Proc. Auer. Soc. Hort. Sci. 33: 
346-349. 1936. 
62. Southwick, L. S. Unpublished Report on Stock and Scion" 
Relationships. Mass. Agr. Expt. Station, 74-75. 1936* 
63. __ __ Mailing Stock 
Influence on Fruit S'izo and Shape • Proc. Aaer* Soc. Sort. 
Sci. 35: 359-361. 1938. 
64. Swarbrick, T. and Naik, K. C. Factors Governing Fruit Bud 
Formation: IX. A Study of the Relation Between Leaf Area 
and Intemode Length in the Shoots of Worcester Peamain 
Apple as Affected by Six Different Vegetative Rootstocks. 
Jour. Pom. and Eort. Sci. 10: 42-63. 1932 
65. Swarbrick, T. and Roberts, R. H. The Relation of Scion 
Variety to Character of Root Growth in Apple Trees. Wis • 
Agr. Expt. Sta. Res. Bui. 78: 1-23. 1927. 
66. Swingle, W. T. The Limitation of the Satsuma Orange to 
Trifoliate Orange Stock. U.S.D.A., Bur. PI. End. Circ. 46: 
3-10. 1909. 
67. Tukey, H. B. and Brase, X. D. Random Notes on Fruit Tree 
Rootstocks and Plant Propagation# II • N. Y • State Agr. 
Expt. Sta. Bui. 657: 1-26. 1935. 
68. Tukey, H. B. and Brase, K. D. What Yield of Rooted Shoots 
L&y be Expected From Mother Plantations of Mailing Apple and 
Quince Rootstocks? Proc. Amer. Soc. Hort. Sci. 33: 338-345. 
1936 . 
69. Tydeman, H. M. The Influence of Rootstocks on the Blossom¬ 
ing of Seedling Apples. Ann. Rpt. Last tailing Res. ota. 
II. Supplement 51-55. 1928. 
> 
I 
- 112 - 
70. Upshall, W. H. East Mailing Apple Stocks. Canadian Hort. 
and Home, May and April, 90-91. 1935. 
71. Upshall, • H. .4a 1 ling Stocks and French Crab Seedlings as 
Stocks for Five Varieties of Apples* II. Reprinted from 
Soi. Agric. 18: 7* 370-378. 1938. 
72. Van Lfoter, R. A. and Shaw, J. K. Apple Varieties in Massa¬ 
chusetts. Extension Leaflet No. 42: 18. 1934. 
73. Vyvyan, M. C ♦ Course of Growth of an Apple Stock During the 
Maiden Year. East Mailing Res. Sta. Ann. Rpt. II. 
Supplement 85-97• 1931• 
74. Warns, L. G. G. and Wallace, The Composition of the 
Terminal Shoots and Fruits of Two Varieties of Apple in 
Relation to Rootstock Effects. Jour. Pom. and Hort. Sci* 
13: 1-31. 1935. 
75. Waugh, F. A. The Graft Union. Mass. Agr. College, Tech. 
Bui. 2: 1-16. 1904. 
76. Waugh, F. A. Notes on the Prppagation of the Apple. Mass. 
Agr. Expt. Sta. Rpt. 1907: 61-64. 1907. 
77. Webber, E. J. Rootstock Reactions as Indicating the Degree 
of Congeniality. Proc. Amer. Soc. Hort. Sci. 23: 30-36. 
1926. 
78. Wormald, E. and Grubb, N. H* The Crown Gall Disease of 
Nursery Stocks. I. Field Observations on Apple Stocks. 
Reprinted from The Annals of Applied Biology, Vol. XI., 
Nos. 3 and 4: 278—291. 1928* 
79. Yerkes, G. E., Sudds, R. H. and Clarke, W. S. Growth and 
Fruitfulness of Three Apple Varieties on French Crab 
Seedlings and a Clonal Stock. Proc. Amer. Soc. Hort. Sci. 
35: 363-368. 1938. 
- 113 - 
ACKNOWLEDGMENTS 
The writer wishes to acknowledge his indebtedness to those 
who have given valuable assistance and encouragement in the 
preparation of this thesis* 
To Dr* J* K* Shaw, Research Professor of Pomology in the 
Massachusetts State College, for having suggested the study of 
this problem and for having rendered constant assistance and 
interest* 
To Dr* R# A. Van Meter, Professor of Pomology in Massachusetts 
State College, for reviewing the manuscript and making valuable 
suggestions* 
To Dr. Linus E. Jones, Research Professor of Botany in the 
Massachusetts State College, for suggestions and assistance in 
compilation of the data • 
To Dr* W* S. Eisenmenger, Research Professor of Agronony in 
the Massachusetts State College for reading of the manuscript and 
making valuable suggestions and criticisms* 
To Lawrence Southwick, Technical Assistant in Pomology in 
the Massachusetts State College for the use of data. 
To other members of the Department of Pomology in the Massa¬ 
chusetts State College for frequent suggestions and encourage¬ 
ment * 
114 
A P P E H D I X 
- 115 - 
TABLE A 
Height of One-Year Trees on Mailing Rootstocks 
In The Tuxbury Nursery, 1935 
Variety Ho. Rootstock Mean 
Type 
S.D • C.V. 
Baldwin mr I 41.37 ^ 1.39 “9.01 ± .99 21.78 t 2.50 
18 III 35.22 * 1.05 6.62 ± .74 18.80 £ 2.19 
23 IV 44.04 * .98 7.00 t .70 15.89 t 1.63 
31 V 42.74 t .82 6.77 t .56 15.83 £ 1.39 
31 X 46.74 * .89 7.37 £ .63 15.77 £ 1.39 
43 XII 49.07 ± .86 8.33 £ .61 16.98 £ 1.27 
44 XIII 48.64 ± .80 7.89 £ .57 16.22 £ 1.20 
42 XV 54.21 ± .79 7.57 £ .56 13.96 £ 1.05 
27 XVI 40.15 ± .72 5.53 £ .51 13.77 £ 1.29 
McIntosh 20 I 38.65 + .72 4.76 ± .51 12.31 + 1.33 
28 III 28.51 t .89 6.95 i .63 24.38 t 2.33 
23 IV 42.22 t .66 4 .68 £ .47 11.09 t 1.12 
36 V 37.36 ± .66 5.84 ± .46 15.63 t 1*26 
34 X 38.83 jfc .74 6.38 ± .52 16.43 t 1.35 
21 XII 40.57 t .88 6.00 ± .63 14.79 ± 1.57 
41 XIII 37.07 ± .54 5 .16 $ .38 13.91 ± 1.48 
21 XV 37.05 ± 1.23 8.35 t .87 22.54 ± 2.46 
34 XVI 39.18 ± .68 5.88 ± .48 15.01 ± 1.26 
Starking 16 I 33.31 * .95 8.16 * .67 24.50 ± 3.09 
35 III 27.57 ± .67 5.90 & .48 21.40 ± 1.80 
27 IV 38.22 * .93 7.14 * .66 18.68 ± 1.77 
17 V 36.35 t .93 5.67 ± •66 15.59 ± 1*85 
36 X 34.66 t .63 5.61 ± .45 16.18 ± 1.32 
20 XII 43.45 t .91 6.02 A .64 13.86 ± 1.51 
45 XIII 36.69 ± .58 5.72 3k A1 15.59 ± 1.14 
14 XV 38.00 ± 1.20 6.66 * .85 17.53 ± 2.30 
39 XVI 41.54 ± .72 6.64 * .51 15.98 * 1.25 
Golden 10 I 35 .20 + .73 4.85 + .52 13.78 + 2.12 
Delicious 42 III 38.60 + .58 5.55 + .41 14.38 * 1.08 
38 IV 40.13 + .59 5.41 + .42 13.48 + 1.06 
26 V 33.96 + .66 4.98 + .47 14.66 + 1.40 
39 X 31.80 + .62 5.69 + .44 17.89 + 1.41 
43 XIII 33 .84 + .52 5 .06 4* •57 14.95 + 1.13 
36 XVI 34.00 i .60 5.32 + .42 15.64 ± 1.27 
Red Spy 6 I 36 .17 ± .96 3.47 ± .66 9.59 i 1.89 
5 II 34.40 $ 2.32 7.70 + 1.64 22.38 * 5.01 
19 III 43.37 + .75 4.84 + .53 11.16 + 1.24 
36 IV 42.42 + .75 6.64 * .53 15.65 * 1.27 
30 V 30.90 + .67 5.44 ± .48 17.61 t 1.58 
22 IX 34 -73 I, .79 5*4.5.JL- .55 15.69 ± 1.63 
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Table A (Continued) 
Variety No. Rootstock 
Type 
Mean S. -D. ( J.V. 
lacoun 22 TT~ 33.00 + .79 5.47 + .56 “163F TTO 
24 V 55.50 7 .72 5 .20 + .51 14 .65 V 1.46 
25 X 26 .24 7 .75 5.53 7 .53 21.07 + 2.10 
38 XIII S3 .24 T .45 4.46 + .32 13.42 7 1.06 
29 XVI 28.27 7 .51 4.11 7 .36 14.51 7 1.32 
Wealthy 20 “IV 32.05 + .65 4.30 + .46 13.42 ♦ 1.46 
22 V 33.40 7 1.01 6.99 7 .71 20.92 + 2.21 
Rhode Island 8 IV 36.86 + 1.44 T352~ ~I6-.4Y 701' 
Greening 7 V 36.00 7 1.59 6.25 7 1.25 17.36 7 3.22 
15<r 
Gravenstein 10 IV 40.90 + 1.16 5.42 + .82 13.25 + 2.03 
Williams 6 IV 32.17 + 1.12 4.06 + .79 12.62 + 2.50 
Kendall 18 IV 48.55 + .37 5 .44 + .61 12.49 + 1 .4:3 
14 V 54.36 7 1.32 7.31 7 .93 21.73 + 2 .85 
14 XIII 38.29 + 1.00 5.55 + .71 14.49 7 1.89 
31 XVI 53.26 + .77 6.33 7 .54 19.03 + 1.69 
22 Seedling 39.59 7 1.25 8.72 7 .39 22.03 + 2.35 
kilt on 14 ftr 34.71 + 1.31 7.32 + “3S~ 21.09 + 2.31 
Unit of height measure - inches 
Unit of diameter measure — millimeters 
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TABLE B 
Scion Variety Diameters of One Year Old Trees 
in Tuxbury Nursery, 1955 
Variety 
Baldwin 
No • Rootstock 
Typ. 
Mean S *D i t C.V. 
21 I 8.86 4- .T8 1.91 V “ ""21.56 + 2.M 
20 III 7.90 7 .25 1.67 7 .18 21.14 7 2.35 
23 IV 10.48 7 .24 1.69 7 .17 16.14 7 1.65 
53 V 10.12 7 .21 1.78 7 .15 17.59 7 1.50 
36 X 9.00 7 .21 1.90 7 .15 21.11 7 1.75 
46 XII 1009 7 .19 1.92 7 .14 18.14 7 1.32 
47 XIII 11.06 7 .22 2.24 7 .15 20.25 7 1.45 
43 XV 11.67 7 .18 1.72 7 .13 14.74 7T.04 
35' XVI 9.43 7 .15 1.29 7 .11 13.68 7 1.12 
TL— I y.so + '“ 1.28 +' .13 IeT.1)7 + YM 
30 III 6.67 7 .14 1.14 7 .10 17.12 7 1.53 
26 IV 8.81 7 .20 1.51 7 .14 17.14 7 1.65 
42 V 8 *24 + .14 1.34 7 .10 16.26 7 1.23 
39 X 8.08 7 .18 1.66 7 .13 20.54 7 1.63 
22 XII 9.32 7 .16 1.10 7 .11 11.80 7 1.22 
45 XIII 8.80 7 .31 1.18 7 .22 13.41 7~ .97 
26 XV 8.12 7 .24 1.78 7 .17 21.92 7 2.14 
42 XVI 8.91 7 .16 1.56 7 .16 17.51 7 1.33 
16 
—J- ■ ’T.'srT- .26 1.5l + .15“ 19.53 + 2.39 
35 III 6.74 + .14 1.20 7 .10 17.80 7 1.48 
29 IV 8.48 7 .20 1.56 7 .14 18.40 + 1.68 
20 V 8.40 7 .26 1.74 7 .19 20.71 + 2.30 
37 X 7.54 7 .13 1.21 7 .10 16.05 + 1.29 
23 XII 9.30 + .23 1*62 7 .16 17 .42 7 1.78 
46 XIII 8.20 + .13 1.29 7 .09 15.73 + 1.13 
15 XV 8.80 7 .30 1.72 T .21 19.55 + 2.50 
45 XVI 9.24 7 .14 1.41 7 .10 15.26 + 1.11 























































































15.81 + 3.46 
9.91 + 1.10 
17.04 7 1.58 
13.51 7 1.11 
14.98 7 1.52 
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Table B (Continued) 
Variety Wo. Rootstock Mean s.D. 
Type 
Mac oun —w- 8.64 + nr T.02 + .15 11.81 + T3Z 
28 V 8.79 + .21 1.63 + .16 18.54 7 1.75 
24 X 8.04 7 .18 1.33 7 .13 16.54 7 1.65 
41 XIII 9 .39 + .12 1.14 7 .09 12.14 + .92 
39 XVI 8.46 + .15 1.35 7 .11 15.96 7 1.25 
Wealthy 21 IV 6.61 + 'T .13 7 + 1 m 
24 V 7.67 7 .21 1.54 7 .15 20.08 7 2.03 
Rhode Island 8 iv 9 .75 + .3i ' 1.29 + ~~?&r 13.23 + TTTiT 
Greening 7 v 9.71 7 .26 1.03 + .19 10.61 7 1.95 
Red 
Gravenstein 10 IV 10.30 H* .29 1.34 4* .20 13.01 4- 1.99 
Williams 9 IV 8.22 + .21 .91 + .15 11.07 £ 1.78 
Kendall "55 6.55 + .21 1.44 + .16 16.64 + “OS' 
18 V 7.00 7 .19 1.20 7 .13 17.14 7 1.97 
17 XIII 8.77 7 .21 1.25 7 .15 14.25 7 1.68 
40 XVI 7.63 7 .03 .29 + .02 3.80 + •29 
22 Seedling 9.46 7 .20 1.36 7 .14 14.38 7 1.56 
Milton 14 Tf 8.71 + .27 1.5<5 + ~.2CT" 17.57 + 
***** mmm "" u 
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TABLE C 
Union Diameters of One Year Old Trees in 
Tuxbury Nursery, 1935 
Variety No. Rootstock 
*Srp. 
Mean S< >D. c.v. 
Baldwin 21 T 15.054 .47 3.18 4 .33 " 2l.iTTT3o 
20 ill 13.40 7 .36 2.37 7 .25 17.69 7 1.94 
23 IV 19.22 7 Al 2.91 4 .29 15.14 7 1.54 
S3 V 17.24 7 .38 3.26 7 .27 18.91 7 1.63 
36 X 15 .89 7 .35 3.15 7 .25 19.71 7 1.63 
46 XII 16 .37 7 .27 2.70 7 .19 16.49 7 1.19 
47 XIII 17.62 7 .33 3.34 7 .23 18.96 7 1.37 
43 XV 19.28 7 .29 2.85 7 .21 14.73 7 1.43 
35 XVI 15.57 7 .23 1 *99 4 .16 12.78 7 1.05 
Mcin^osJi 21 ' 1 nrar 2 .S4 7 “31“ "103 ~ l.W 
30 III 12.37 ♦ .23 1.86 7 .16 15.05 7 1.34 
26 IV 15.39 7 .28 2.12 7 .20 IS .78 7 1.28 
42 V 15.12 7 .26 2.54 7 .19 16.79 7 1.27 
39 X 14.64 7 .24 2.23 4 .17 15.23 7 1.19 
22 XII 14.55 7 .23 1.59 4 .16 10.93 7 1.12 
45 XIII 15.00 7 .23 2.26 7 .16 15.07 7 1.09 
26 XV 14.50 7 .33 2.45 4 .23 16.90 7 1.62 
42 XVI 15.50 7 .18 1.73 7 .18 11.16 7 .83 
Starking 16 I 15.62 4 .39 2.32 4 14.M 4 1.81 
35 III 12.00 7 .23 2 .04 7 .16 17.00 7 1.41 
29 IV 14.28 7 .35 2.77 7 .24 19.40 7 1.78 
20 V 15.40 7 .41 2.72 7 .29 17.66 7 1.94 
37 X 13.84 7 .22 2.00 7 .16 14.45 7 1.34 
23 XII 15 .30 7 .36 2.52 7 .25 16.47 7 1.68 
46 XIII 14.35 7 .18 1.80 7 .13 12.54 7 .90 
15 XV 15.40 7 .46 2.62 4 .32 17.08 7 2.16 
45 XVI 16 .29 7 .19 1.85 7 mm .13 11.36 7 .82 
Golden “15 1 15.20 4 " Y'.W7~ •43 18.55 4 2.89 
Delicious 41 III 14.90 7 .17 1.64 7 .12 11.01 4 .83 
39 IV 16 .21 7 .30 2.76 7 .21 17.03 7 1.34 
27 V 13 .89 7 .26 2.02 7 .19 14.54 4 1.36 
39 X 13.46 7 .19 1.71 7 .13 12.70 4 .99 
46 XIII 13.96 7 .20 1.96 7 .14 14.04 4 1.01 
46 XVI 14.02 7 .18 1.77 7 .12 12.63 4 .90 
Red Spy 6 —r~ 15.00 T ~St~ 2 .08 4 •41 13.87 4 2.75 
5 II 15.80 7 .94 3.12 4 .67 19.75 4 4.37 
19 III 16 .84 7 •32 2.06 7 .23 12.23 4 1.36 
37 IV 16.73 7 .28 2.54 7 .20 15.18 7 1.21 
35 V 13.40 7 .15 1.91 7 .15 14.26 4 1.17 
23 IX 17.52 4 .34 2.44 7 .24 13.93 4 1.41 
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Table C (Continued) 
Variety No* Rootstock 
Typ. 
Mean S. >D. C.V. 
Macoun TT“ 14.91 + 1SS~ ~r.wv "16.46 ♦ i.6? 
28 V 15*39 7 .30 2.31 7 .21 15 .01 7 1.38 
24 X 14.00 7 .24 1.73 7 .17 12.36 7 1.22 
41 XIII 14*76 7 .19 1.76 7 .13 11.93 7 .90 
39 XVI 14.08 7 .21 1.95 7 .15 13.85 7 1.07 
Wealthy tl 
w 
“13.56 + •26 ”17/8 7 TIT ‘"1T.30 7 .96 
24 V 13.75 7 .32 2 .33 .+ .23 16 .95 7 1.69 
Rhode Island 6 ~Tf tot + •7*7 3.22 + 17.29 + 3.00 
Greening 7 V 17.86 7 .46 1.30 7 .32 10.08 7 2.00 ■PM mm 
Red 
Gr&venstein 10 IV 18.70 + .73 3.40 + .51 18.18 + 2.83 
mm mm 




1.25 + .20 8 .72 + 1.40 
Kendall 20 rv 14.90 + •33 2.18 + .23 14.63 + 1.59 
18 V 12.17 7 .36 2.19 7 .25 17.99 7 2.09 
17 XIII 15.24 7 .39 2 .36 + .27 15.49 7 1.84 
40 XVI 13.15 7 .18 1.69 7 .13 12.85+ .99 
22 Seedling 18.00 7 .35 2.46 7 .25 13.66 7 1.45 
Milton 14 rv 14.93 + .39 8.15 + .27 14.40 + 1.88 
*"* Ir . .. TTT. . . 
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TABLE D 
Rootstock Diameters of One Year Old Trees 
in Tuibury Nursery, 1935. 
Variety No. Rootstock 
Type 
Mean S.D. C.V. 
Baldwin ~2l“ i 12.00 + .36 6.47 + .26 ""60.58 + 2 .23 
20 in 9.90 7 .25 1.64 7 .18 15.57 7 1.82 
23 IV 12.70 7 .28 1.99 7 .20 15.66 7 1.60 
33 V 12.70 7 .25 2 .09 7 .17 16.47 7 1.40 
36 S X 12.81 7 .34 3.01 7 .34 23.50 7 1.97 
46 XII 12.76 7 .20 2.03 7 .14 15 .91 7 1.15 
47 XIII 14.60 7 .31 3 .11 + .22 21.30 7 1.55 
43 XV 15.65 7 .23 2.28+ .17 14.57 7 1.02 
35 XVI 12.66 7 .24 2.09+ .17 16 .51 7 1.35 
15c Into sh 21. 1 11.62 + .23 l.'fa + .18 ~iT.8S V i .58 
30 III 9.17 7 .18 1.49 7 ,13 16.23 7 1.45 
26 IV 11.81 7 .26 1.93 7 ,18 16.34 + 1.57 
42 V 11.69 7 .16 1.56 7 .12 13 .34 7 1.00 
39 X 12.10 7 .20 1.88 + .14 15.54 7 1.22 
22 XII 12.05 7 .23 1.57 7 .16 13.03 7 1.35 
45 XIII 12.44 7 •14 1.41 + .10 11.33 7 1.82 
26 XV 11.65 7 .27 2 .03 7 .19 17.41 7 1.68 
42 XVI 12.81 7 .16 1.58 7 .12 12.33 7 .92 
Starting ~TT“ 1 11«§1 + ~%5~ TM + I23T " 17.53' V S'.IB 
35 III 8.46 7 .18 1.617 .13 19.03 + 1.59 
29 IV 10.62 7 .26 2.08 7 .19 19.59 7 1.80 
20 V 11.90 7 .32 2.117 .23 17 .73 7 1.95 
37 X 10.92 7 .18 1.59 7 .12 14.56 7 1.17 
23 XII 11.78 7 .27 1.90 + .19 16 .13 7 1.64 
46 XIII 11.39 7 .19 1.92 7 .14 16 .86 7 1.22 
15 XV 12.80 7 .43 2 .45 + .30 19.14 7 2.44 
45 XVI 12 .56 7 .18 1.74 7 .12 13.85 7 1.00 
Oolden 10 I 11.60 + .41 "1.94 7 .29 16 .44 + 2 .54 
Delicious 41 III 10.88 7 .14 1.35 7 .10 12.41 7 .94 
39 IV 10.59 7 .19 1.71 7 .13 16 .17 7 1.27 
27 V 10 .19 7 .21 1.65 7 .15 16 .21 7 1.53 
39 X 10.90 + .23 2 .15 7 .17 19.72 7 1.56 
46 XIII 11.44 7 .17 1.67 7 .12 14.60 7 1.05 
46 XVI 11.17 7 .16 1.617 .12 14.41 7 1.04 
Red Spy 6 I 10.S3 + 1.68 + 75T H<3 .66 + 2.66 
5 II 9.60 7 .41 1.36 + .29 14.17 + 3.08 
19 III 11.57 7 .20 1.28 + .14 11.06 7 1.23 
37 IV 10.76 7 .17 1.57 7 .12 14.59 7 1.17 
35 V 9.69 7 .17 1.50 7 .12 15.48 7 1.28 
23 IX 12.83 7 .27 1.94 7 .19 16 .12 7 1.54 
TABLE D (Continued) 
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Variety No. Rootstock 
Typ« 
ifean S.D • C.V. 
Hacoun l2‘ “IT" 10.41 + “HlFT" ~sr~ 11.05 + 1.14 
28 V 11.61 7 .22 1.71 7 .22 14.73 7 1.36 
24 X 11.50 .25 1.65 + .16 14.35 7 1.43 
41 XIII 12.24 7 .21 1.95 7 .15 15.93 7 1.22 
39 XVI 10.87 7 .16 1.62 .16 13 .98 7 1.09 
Wealthy tl W 9.62 + .23 1.69 + .16 16.53 + 1.77 
24 V 10.58 7 •28 2 .02 + .20 19.05 7 1.92 
Rhode Islana 6 “TF “11.26 + .39 ~T.6r7" 14.49 + 2.49 
Greening T V 12.57 7 ♦S3 1.29 7 .33 10.26 7 1.87 
Red 
Gravonstein 10 IV 12.70 + .38 1.79 + 
 m* .. 
.27 14.09 + 2.17 
T*illiams ' 9 IV 9.55 + .18 .82 hh .13 8.79 + 1.41 
Kendall "20“ T7 11.50 + .24 “1.62 + “JT“ “Trarvyjas 
18 V 10.22 7 .27 1.68 7 .19 16.44 7 1.90 
17 XIII 12.00 + .28 1.68 7 .19 14.08 7 1.66 
40 XVI 11.15 7 .19 1.81 7 .14 16 .23 7 1.26 
22 Seedling 14.73 7 .29 2.07 7 .20 14.05 7 1.60 




Soion Variety Diameters of Two Year Old Trees 
in Tuxbury Nursery, 1936 
Variety No. Rootstock Ms an S.D. o.v. 
Type 
Baldwin IT" I 16.24 + “74F" 2.60 + l30~ 16 .03 + 1.90 
16 III 13.50 7 •36 2.12 7 .25 15.70 7 1.92 
19 IV 19.42 7 .37 2 .37 7 .26 12.20 7 1.36 
29 V 17.52 7 .32 2 .53 7 .22 14.44 7 1.32 
31 X 16 .58 7 .57 3.09 7 .26 18.65 + 1.65 
44 XII 18.68 7 .29 2.86 7 .20 15.33 7 1.13 
42 XIII 18.68 7 .32 3 .10 7 .23 16 .59 7 1.18 
m 41 XV 21 .22 7 .25 2.14 7 .16 10.09 7 .76 
34 XVI 15.71 7 .31 2.65 7 .22 16.88 7 1.42 
McIntosh TT" 1 15.47 + •32 nr* ■‘iotv i.n 
19 III- 11.84 7 .31 2.03 7 .22 17.15 7 1.93 
22 IV 16 .18 7 .37 2.53 7 .26 15.63 7 1.63 
28 V 14.75 7 .33 2.61 7 .53 17.68 7 1.64 
24 X 16.17 7 .31 2.23 7 :*22 13.77 7 1.33 
18 XII 16.17 7 .28 1.77 7 .20 10.94 7 1.25 
40 XIII 15.63 7 •26 2.42 7 .18 15.49 7 1.20 
16 XV 15 .69 7 •34 2.02 7 .24 12.86 7 1.56 
37 XVI 16.00 7 .27 2.40 7 .19 15.02 7 1.20 
Starking io I 14.10 + •45 & .12 + .32 IS.04 + 2.32 
24 III 11.26 7 .21 1.51 7 .15 13.42 7 1.33 
24 IV 14.83 7 A9 3.53 7 .34 25.80 7 2.44 
17 V 14.18 7 .42 2.64 + .31 18.64 7 2.23 
31 X 14.55 + •50 v 2.49 7 .21 17.10 7 1.51 
18 XII 16.11 7 .44 2.77 7 .31 17.17 7 1.92 
38 XIII 15.29 7 .30 2.71 7 .21 17.70 7 1.41 
12 XV 13.67 7 .49 2.53 7 .35 18.47 7 2.63 
36 XVI 16.36 7 .27 2 .43 + .19 14.86 71.21 mm 
Golden ~3— i 15.88 V .47 1.96 + 25F" 14 .12 + 2.43 
Delicious 42 III 16.14 7 .31 2.99 7 .22 18.53 7 1.41 
37 IV 16 .78 7 .29 2 .64 7 .21 15.73 + 1.26 
22 V 14.14 7 .27 1.84 + .19 13.04 7 1.35 
28 X 13.04 7 .21 1.68 + .15 12.86 7 1.18 
43 XIII 14 .42 7 .20 1.91 7 .14 13.25 7 .98 
33 XVI 14.06 7 .20 1.74 + .14 12.35 +,1.04 
Red Spy 5 II 12.80 + .35 1.17 + .25 9.06 + 1.93 
19 III 17.58 7 .30 1.95 + .21 11.09 7 1.23 









1.84 + .18 
1.60 7 .18 
12.77 + 1.29 
11.31 7 1.29 
Table E (Continued) 
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Variety No, Rootstock 
Type 
Mean £ I.D. c.v. 
Macoun 25 ~TT" 16.00 + .16 THo ♦ .10 '7.27 + IS9 
24 V 17.58 + .25 1.80 7 .18 10.33 7 1.02 
16 X 14.94 7 .26 1.52 7 .18 10.20 7 1.23 
52 XIII 16.81 7 .23 1.95 7 .16 11.58 + 1.00 
25 XVI 15 .70 7 .25 1.62 + .16 10.34 + 1.04 
Wealthy nr 13.69 + "32 1.50 7- ■ .16 ' ~T3o TT.TS 
16 V 17.00 T .38 2.24 .27 13.15 7 1.60 
Rhode Island ~ir IV "Tff'.SB 7 TT5T t*lT 14.41 + 2.48 





. 3.45 + .62 19.93 7 3.73 
Sed~ 
Gravenstein 15 IV 15.40 +v .76 4.33 + .53 28.12 + 3.73 
Williams 9 IV 14.00 + •35 1.56 + .25 11.14 + 1.79 
Kendall 19 tv 15.63 + .29 “OS' 7 7Z0~ 12.29 + 1.37 
11 V 12.73 T .40 1.96 7 .28 15.40 7 2.27 
12 XIII 16 .67 7 .55 1.80 7 .35 10.81 7 1.51 
29 XVI 13,76 7 .45 3 .58 + .32 25.99 7 2.45 
22 Seedling 16.95 7 .44 5.04 + .31 17.93 7 1.88 




Union Diameters of On© Year Old Trees in 
Tuxbury Nursery, 1956 
Variety No. Rootstock Mean S.D • C.V. 
Baldwin ~vr i 24.^76 + 76T“ "Ti " I’5.76 V 1.87 
16 in 20.25 7 .63 3.73 7 .44 18.42 7 2.27 
19 IV 53.32 7 .49 3.19 7 .35 9.57 7 1.05 
29 V 27.55 7 .55 4.37 7 .39 15.83 7 1.46 
31 X 24.84 7 .65 5.39 7 .46 21.70 7 1.86 
44 XII 24.59 7 .38 3.71 7 .27 15.09 7 1.09 
42 XIII 25.57 7 .44 4.20 7 .31 16.42 7 1.24 
41 XV 29.02 7 .36 3.42 7 .26 11.79 7 .89 
34 XVI 22.03 7 .33 2.82 7 .23 12 .77 + 1.06 
l/clniosh IS" 1 2l .16 + •46 "Y.W+ ' “ 15".94VY.66 
19 III 17.79 7 .43 2.82 7 .31 15.85 7 1.78 
22 IV 24 .96 7 .53 3.69 7 .58 14.78-7 1.54 
28 V 23.32 + •44 3.45 7 .31 14.78 7 1.36 
24 X 23.96 7 •41 2.96 + .29 12.55 7 1.22 
18 XII 22.17 7 •38 2.41 7 .27 10.85 7 1.24 
40 XIII 21.85 7 .36 3.42 7 .26 16.67 7 1.21 
16 XV 23.19 7 .37 2.18 7 •26 9.40 + 1.13 
37 XVI 23 .19 7 .56 3.24 7 .25 13.96.7 1.02 
Starting “15“ i 22 .70 V ‘ 3.54 V •'Si 15.59 + 2.41 
24 hi 16.58 7 .28 2.04 + .19 12.30 + 1.22 
24 rv 22.63 7 .72 5.27 7 .51 23 .24 7 2.38 
17 V 22.06 7 .73 4 .42 4- .51 20.06 jf 2 .41 
31 X 21.67 7 .41 3.36 + .29 15.50 + 1.36 
18 XII 21.28 7 .44 2.79 7 .31 13.11 7 1.50 
38 XIII 20.87 7 .41 3.71 7 .29 17.77 + 1.42 
12 XV 19.83 7 .66 3.36 7 .46 16.96 + 2.40 



















































































12 .12 + 1.35 
13.53 + 1.20 
12.65 7 1.28 
12.34 7 1.41 
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TABLE F (Continued^ 













































Wealthy “T6“ I? £1.56 + •42 ~.T7"7 .29 ~TTai + T38 
16 V 25.25 7 .63 3.75 7 .45 14.85 7 1.81 
Rhode Island 
Greening 8 IV 53.87 + 1.44 6.03 + 1 .02 17.77 + 3.09 
7 V 30.86 + 1 .05 4.12 7 .74 13.36 7 2.45 
Red 
Gravenstein 15 IV 28.00 + 1 .30 7.47 + .92 26.64 + 3.51 
Williams 9 rv 21.56 + 1 •96 2.63 + .42 12 .15 + 1.96 
Kendall 1'9“ . IV- 24 .32 + .52 ~YMT .37 13.82 + 1.54 
11- V 19.36 7 .75 3.68 7 .53 18.99 7 2.85 
12 XIII 23 .67 7 .92 4.76 7 .65 20.81 + 2.99 
29 XVI 19.65 7 .36 2.88 + .26 14.65 7 1.33 
22 Seedling 25 AS ♦ .59 4.07 7 A1 15.98 + 1.67 
Milton 14 rv 23 .29 + .59 3.29 + .42 14.08 + 1.82 
— *** 
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TABLE G 
Rootstock Diameters of Two Year Old Trees 
in Tuxbury Nursery, 1936 
Variety No. Rootstock 
Tjrpe 
Mean S.D. C .V. 
Baldwin TT“ 1 18.18 + ^5l 3 .13 + .36 TT3T V'2.65 
16 III 15.44 7 .43 2 .55 + .43 16 .52 7 2.02 
19 IV 20.84 7 .41 2.64 7 .29 12.67 7 1.41 
29 V 20.28 7 .38 3.03 7 .27 14.94 7 1.38 
31 X 21.87 T .56 4.65 7 .40 21.28 7 1.90 
44 XII 20.82 + .52 3.18 7 .23 15.27 7 1.12 
42 XIII 22.14 7 .41 3.96 7 .29 17.89 7 1.34 
41 ' XV 26 .15 7 .32 3.08 7 .23 11.79 7 1.01 
34 XVI 18.64 7 .55 2.98 7 .24 15.97 7 1.34 
McIntosh I 17.16 + .31 2.03 + ~7sr 11.83 + 1 .31 
19 III 13.95 7 .35 2.26 7 .28 16 .20 + 1.82 
22 IV 19.59 7 •44 3 .10 7 .31 15 .84 + 1.65 
28 V 18.57 7 .35 2.72 7 .25 18.57 7 1.35 
24 X 21.50 7 .35 2.57 7 .25 11.93 7 1.18 
18 XII 19.61 7 .41 2.58 7 .29 15.18 7 1.51 
40 XIII 19.25 7 .45 4.26 7 .32 22.15 7 1.75 
16 XV 20.50 7 .41 2.42 7 .30 11.82 7 1.43 
37 XVI 20.14 7 .30 2.70 7 .21 13 .40 7 1.07 
Starking OT” I 17.00 + 759" 2 .76 V At 16 .24 + 2.Si 
24 III 12.67 7 .22 1.63 + .16 12.87 7 1.27 
24 IV 16 .88 7 .52 3.81 7 .37 22.58 + 2.31 
17 V 16 .82 + .52 3 .16 + .37 18.81 + 2.25 
31 X 18.29 7 .35 2.88 7 .25 15.73 7 1.58 
18 XII 17.44 7 .29 1.84 7 .21 10.53 7 1.20 
38 XIII 17.50 7 .30 2.78 7 .22 15.88 T 1.26 
12 XV 17.41 + .64 3.28 + .45 18.84 + 2.68 
36 XVI 19.97 7 .33 2.92 7 .23 14.63 * 1*19 
(3-olden -§- 
—I 15.88 ♦ .59 2.47 + •4£# 15 .55 + 2.69 
Delicious 42 III 18.67 7 .36 3.47 7 .25 18.53 7 1.41 
37 IV 18.95 7 .34 3.04 7 .24 15.99 + 1.29 
22 V 17.59 7 ♦38 2.64 7 .27 15.04 7 1.56 
28 X 17.61 7 .28 2.16 7 .19 12.27 + 1.12 
43 XIII 17.54 7 .28 2.71 7 .20 15.47 7 1.52 











19.32 ~ .37 
18.75 7 .28 
16.78 7 .35 













12.01 7 1.06 
14.65 7 1.49 
13.46 7 1.54 
/ 
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TABLE G (Continued) 
Variety No. Rootstock 
Type 
Macoun ~zE -1?- 16 .88 + 38T T.8T+ .17 “TO.66 +“l.03 
24 V 21.41+ .37 2.67+ .26 12.48 7 1.23 
16 X 19.12 T .27 1.61 7 .19 8.44 7 1.02 
32 XIII 19.47 7 .26 2.18 £ .18 11.17 7 .95 
23 XVI 18.00 7 .27 1.93 + .19 10.74 7 1.08 
■Wealthy 16 17 16.69 + .29 1.72 + .20 10.25 + 1.23 
16 V 22.06 7 .50 2.96 7 .35 13 .43 7 1.63 
Rhode Island ~gr IV T9.26 + .67 2.82 + Af~ “irarTTOT 
Greening 7 V 22.14 7 1.14 4.45 4^ .80 20.11 7 3.77 
fed 
Gravenstein 16 IV 18.40 + .83 4.77 + .58 25.92 + 3.40 
Williams 9 IV 14.11 + .37 1.66 + .26 11.76 + 1.90 
Kendall 19 iY "r" 17.79 + .35 2.26 + .25 12 JO + i .4l 
11 V 16 .91 + .62 3.03+ .44 17.91 7 2.66 
12 XIII 20.33 7 .54 2 .78 +_ .38 13.68 7 1.91 
29 XVI 17*59+ .36 2.86 + .25 16 .26 7 148 
22 Seedling 21.27 T .51 3 .53 + .36 16.59 7 1.73 




Number and Size of Roots when Varieties were 
Grown on Rootstock Type I in 1936 
Budded Varieties 
» 
No. of Trees 
Baldwin McIntosh Starring Golden 
Delicious 
Used 18 17 8 7 
3 6 22 12 11 
4 15 4 3 1 
a 5 10 7 - 4 6 
u 
Q 6 9 6 6 1 
•P 
> V 
O 7 5 5 5 
& 
•H 8 4 4 2 
H 
rl 9 1 2 4 
•H 
s 10 4 
11 2 1 
12 1 1 
At©. Roots 
per Tree 3.06 2.7 4.0 2.8 
Ave• Size 
of Roots 5.8 5.0 5.0 4.2 
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TABLE I 
Rubber and Sise of Root# when Varieties were 
Grown an Rootstock Type III in 1036 
Budded Varieties 




Ko. of Trees 
Used 28 . HI 24 41 19 
8 8 34 38 71 29 
4 7 10 13 54 13 
6 8 6 7 20 11 
m 
u 6 4 1 1 18 7 
© 
4, 7 1 1 1 U 3 
o 
a 8 1 1 7 3 
«H 
r4 ® % 8 2 
r4 
^ 1C 2 8 2 
as 
11 1 1 
12 
18 
Are » Roots 
per Tree 1*2 3.0 2.8 44) 3.7 
Are# Site 
of Roots 
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TABLE M 
Number and Size of Soots -when Varieties were 
Grown on Rootstock Type XIII in 1956 
Budded Varieties 
Baldwin McIntosh Star king Golden Macoun Kendall 
No* of Trees 42 38 
Used 
5 21 56 
4 19 50 
5 15 25 
« 6 14 24 
* 7 .10 10 
© 8 21 7 
4> 9 9 7 
© 10 9 3 
6 U 4 
■h 12 4 2 
IS 1 







per Tree 3.1 4 
Ave • Size 
of Roots 
in Mills. 6*5 4 
Delicious 
38 40 31 15 
62 57 50 36 
28 25 26 16 
16 24 9 
10 9 12 6 
8 5 13 8 
6 1 8 4 
2 4 5 2 
3 1 2 1 




3.5 3.2 4.7 5 
4*4 4.4 5.0 4 
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TABLE N 
Humber and Size of Roots when Varieties were 
Grown on Rootstock Type XV in 1936 
Budded Varieties 
Baldwin McIntosh Starting Kendall 
Ho* of Trees 
Used 43 15 13 
3 62 16 9 42 
4 37 7 10 26 
5 32 10 7 16 
6 27 9 3 14 
7 14 8 2 20 
« 8 15 5 4 11 
9 18 2 6 
© 10 10 3 8 
-p 11 5 2 2 
© 12 3 6 










Ave• Roots - - 
per Tree 5*3 4*0 2*8 7.5 
Ave* Size 
of Hoots 
in mils. 5*6 5 *5 4.9 5.5 
TABLE 0 
Number and Size of Roots when Varieties were 
Grown on Rootstock Type XIV in 1936 
Budded Varieties 
Baldwin McIntosh Starking Golden 
Delicious 
Maeoun Kendall 
No* of Trees 
Used 28 34 36 38 22 25 
5 29 35 81 32 28 16 
» * 17 19 28 8 4 7 
^ 5 12 22 32 10 3 7 
e 6 11 16 33 12 8 
3 
•P 7 10 17 20 11 3 4 
t 8 12 12 9 40 3 8 
9 
" 10 
10 9 11 3 3 4 
4 10 2 4 6 5 
Z U 1 3 44 4 2 2 Z 12 S 3 1 3 2 
^ 15 1 5 
2 1 2 
j. 14 
S 15 




Per Tree 4.1 4.5 6.2 2.4 3.0 2.4 
Are* Sise 
of Roots 
in mis. 6.1 6.2 4.9 5.6 6 .0 6.5 
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Statistical Methods Used 
13 lustrating the application of the special methods of finding 
the standard deviation frccn the ungrouped height data of Baldwin on 









































X2 *> 34058 
if«TF~-- 
M 786 „ 
"19 
41.368 
S *D« - -/ X2^ - M2 
S'D*" _ (41.368)2- 
S.D. • -V 1782.5263 - 1711.3114 
S.D. » -V 81.2149 
S.D. * 9.015 
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Probable error of the mean was found by use of the formula 
p*v" i •6745 0 
V H 
P^.M» ♦ •6745 
4 .358 
P.E.m- + .6745 x 2.0681 
PJ5. » + 
M — 
1.395 














P.E • * + 
o — 
.987 
Coefficient ov variability was found by use of the formula 
C » S*P« L x 100 
9.013 x ioo 
4063 
C » .21787 x 100 
C 21.787^ 
- 139 - 
Probable error of the coefficient of variability under 10 
■was found by the use of the formal*, 
P.E. * + .6745 c 
-/is— 
When the coefficient of variability ms over 10, the probable 
error was found by use of the formula 
P.E. • _+ .6745 C 
MHMD» 
V 21? 
1 + 2 VTOO 1/2 
P.E. • + .6745 
— . 6.164 
n A 9 /21.787\ 
1 + 2 (-jgg—) 
2 1/2 
2.S84 x 1.047 * h 
These methods ??©re used for diameters of scions, unions, and 
2.496 
rootstock measurements. 
c-r / ' 
tar ©cesdlfcee 
Date 


